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Executive Summary

This study is aimed at determining the spatial distribution, physical properties, and
groundwater conditions of the Vashon advance outwash (Qva) in the Mountlake Terrace, WA
area. The Qva is correlative with the Esperance Sand, as defined at its type section; however,
local variations in the Qva are not well-characterized (Mullineaux, 1965). While the Qva is a
dense glacial unit with low compressibility and high frictional shear strength (Gurtowski and
Boirum, 1989), the strength of this unit can be reduced when it becomes saturated (Tubbs,
1974). This can lead to caving or flowing in excavations, and on a larger scale, can lead to
slope failures and mass-wasting when intersected by steep slopes. By studying the Qva, we
can better predict how it will behave under certain conditions, which will be beneficial to
geologists, hydrogeologists, engineers, and environmental scientists during site assessments
and early phases of project planning.

In this study, | use data from 27 geotechnical borings from previous field investigations and
C-Tech Corporation’s EnterVol software to create three-dimensional models of the
subsurface geology in the study area. These models made it possible to visualize the spatial
distribution of the Qva in relation to other geologic units. I also conducted a comparative
study between data from the borings and generalized published data on the spatial
distribution, relative density, soil classification, grain-size distribution, moisture content,
groundwater conditions, and aquifer properties of the Qva.

[ found that the elevation of the top of the Qva ranges from 247 to 477 ft. I found that the Qva
is thickest where the modern topography is high, and is thinnest where the topography is
low. The thickness of the Qva ranges from absent to 242 ft. Along the northern, east-west
trending transect, the Qva thins to the east as it rises above a ridge composed of Pre-Vashon
glacial deposits. Along the southern, east-west trending transect, the Qva pinches out against
a ridge composed of pre-Vashon interglacial deposits. Two plausible explanations for this
ridge are paleotopography and active faulting associated with the Southern Whidbey Fault
Zone. Further investigations should be done using geophysical methods and the modeling
methods described in this study to determine the nature of this ridge.

The relative density of the Qva in the study area ranges from loose to very dense, with the
loose end of the spectrum probably relating to heave in saturated sands. I found subtle
correlations between density and depth. Volumetric analysis of the soil groups listed in the
boring logs indicate that the Qva in the study area is composed of approximately 9.5% gravel,
89.3% sand, and 1.2% silt and clay. The natural moisture content ranges from 3.0 to 35.4%
in select samples from the Qva. The moisture content appears to increase with depth and
fines content.

The water table in the study area ranges in elevation from 231.9 to 458 ft, based on
observations and measurements recorded in the boring logs. The results from rising-head



and falling-head slug tests done at a single well in the study area indicate that the geometric
mean of hydraulic conductivity is 15.93 ft/d (5.62 x 10-93 cm/s), the storativity is 3.28x10-03,
and the estimated transmissivity is 738.58 ft2/d in the vicinity of this observation well. At
this location, there was 1.73 ft of seasonal variation in groundwater elevation between
August 2014 and March 2015.
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1.0 Introduction

The purpose of this research project is to characterize the spatial distribution and physical
properties of the Vashon advance outwash (Qva) near Mountlake Terrace, WA, and to
compare these characteristics to more extensive and generalized properties of the Qva, as
defined in previous works. The information and methods provided in this report will be
beneficial to geologists, hydrogeologists, engineers, and environmental scientists during site
assessments and early phases of project planning.

In general, Qva is a granular, well-sorted, and permeable glaciofluvial unit (Mullineaux et al,
1965). According to Troost et al. (2005), the Qva is equivalent of the Esperance Sand of
Mullineaux et al. (1965). Although the Qva has high frictional shear strength and low
compressibility as the result of glacial consolidation (Gurtowski and Boirum, 1989), some of
the unit’s properties can facilitate increased geologic or environmental risks. For instance,
the development of water pressure in the pore space between granular particles may
significantly decrease the shear strength of the unit; this is a contributing factor to landslides
in western Washington (Tubbs, 1974). The permeable properties of the Qva also pose
difficulty to excavations where dewatering, shoring, or other procedures are required to
prevent water-bearing sands from caving, flowing, or collapsing (Laprade and Robinson,
1989). Additionally, the Qva forms an extensive, unconfined aquifer that may act as a conduit
for chemical pollutants (Bjerg and Christensen, 1993; Golder Associates, 2008). The
properties described above make this hydrostratigraphic unit susceptible to contamination,
erosion, seepage, and landslides. Understanding of both the spatial distribution and physical
properties of Qva in a specific context can aid in developing improved mitigation practices
and prediction of slope failures, more informed decisions in building design and practices,
improved groundwater modeling, and more accurate mapping of areas susceptible to both
geologic hazards and environmental contamination.

1.1  Study Area

The study area is in a mixed residential and commercial area in proximity to the community
of Mountlake Terrace. Geographically, it is 12 mi north of Seattle’s metropolitan center, 2.5
mi northwest of Lake Washington, and 1.5 mi east of the Puget Sound shoreline. Lake
Ballinger is located towards the center of the study site. The topography of this area consists
of gently rolling drumlin hills from the last glaciation. The relief at the study site ranges from
approximately 289 to 492 ft in elevation. Geologic hazards at this site include landslide-
prone areas and erosion/sedimentation hazards as defined by the City of Mountlake Terrace
ordinance codes (City of Mountlake Terrace, 2015; GeoEngineers, 2015). The project site is
about 2.95 sq mi, and includes 5 transect lines, totaling 8.84 lineal miles (Figure 1). The
southern edge of the study area is approximately 75 ft south of the King/Snohomish County
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border. The eastern border of the study area is Interstate-5. The location and boundaries of
the study site were determined based on the availability of quality data.

2.0 Scope of Work

This report characterizes and refines the spatial distribution, physical properties, and
groundwater conditions of the Qva in the Mountlake Terrace area by:

1) documenting the spatial extent and thickness variations of Qva in cross-sections and
three-dimensional models,

2) describing the spatial variation in density using standard penetration test (SPT) data
from existing geotechnical boring logs,

3) describing variations in grain size and moisture content, using lab analyses of
available soil samples, and

4) describing aquifer properties and groundwater conditions where data is available.
The work described above consisted of the following tasks:

1) obtaining and reviewing existing technical reports, geologic maps, topographic maps,
soil survey data, laboratory test results, groundwater data, geospatial imagery, and
other publications that aided in characterizing the subsurface conditions of the
project site,

2) creating a database that includes the locations of the boreholes and the elevation of
every geologic contact within each borehole,

3) generating cross-sections and three-dimensional models, using information in the
above described database and C-Tech Corporation’s EnterVol software, to illustrate
the lateral and vertical distributions of the advance outwash, and

4) evaluating variations in the unit thickness, elevation, physical properties, and
groundwater conditions.

3.0 Background

In this section, I discuss the previous investigations that have been done within the study
area and give a general overview of the Qva.

3.1  Previous Investigations

This study incorporates data from 27 existing geotechnical borings, summarized in Table 1,
and their corresponding geotechnical reports. These data were collected by local consulting
firms and government agencies for various geotechnical investigations. The boring logs and
geotechnical reports are publicly available through the Freedom of Information Act, and I
Pivaroff-Ward p. 2 ESS 601



obtained the data by directly contacting the firms and agencies that house the documents.
The following paragraphs describe the investigations that were previously conducted in the
study area, and the data from them that I used to supplement my research.

A large investigation was conducted in King and Snohomish Counties for the Brightwater
Treatment Plant Conveyance System (Brightwater Project), which was completed in 2012.
This project consisted of two geotechnical studies, which are discussed in the next two
paragraphs.

In 2002, Shannon & Wilson and HWA Geoscience began the initial investigation for the
Brightwater Project, which consisted of 27 geotechnical borings and laboratory testing of
select soil samples (King County, 2002). The purpose of this investigation was to determine
the subsurface conditions for conceptual engineering and environmental impact assessment.
Shannon & Wilson used the mud rotary method to drill their borings, while HWA
Geosciences used a combination of mud rotary and Becker Hammer methods. Both
companies used a 2.42-inch inner diameter (ID), 3.25-inch outer diameter (OD), ring-lined
Dames and Moore (D&M) split-barrel sampler with a 300 Ib. hammer dropped 30-inches to
obtain soil samples. The borings that [ used from this study ranged from 352 to 446.5 ft in
depth, and include MW-3, MW-4, MW-5, and MW-6 from HWA Geosciences, and BW-4, BW-
5, and BW-6 from Shannon & Wilson (Table 1).

The second investigation for the Brightwater Project was completed by CDM Smith and
various subconsultants in 2003. The purpose of this investigation was to provide
geotechnical services for the design of the wastewater treatment facility. These services
included land-based drilling, soil sampling, in-situ testing, hydrogeologic testing, gas
monitoring, and geophysical explorations, as well as geologic, index, strength, and
deformation testing in the laboratory (King County, 2004). This study included a total of 157
borings. The drilling methods used to complete the borings included hollow-stem auger,
mud rotary, rotosonic coring, and wireline coring. Soil samples were collected using a D&M
sampler with a 300 Ib. or 140 lb. hammer. The borings that I used from this study include E-
105, E-106, E-107, E-108, E-109, E110, and E211, which range from 260 to 566 ft in depth
(Table 1). Index tests were not completed on any of the soil samples within the Qva from
these six borings. However, geologic testing was done on select samples to determine the
stratigraphic relationships between the soil units. This testing included radiocarbon dating,
optically-stimulated luminescence dating, tephrochronology, x-ray diffraction mineral
analysis, bulk geochemistry, and micro- and macro-paleontological analyses (of shells,
diatoms, and pollen).

In 2008, Golder Associates conducted a study to provide an overview of the geology and
hydrogeology near Mountlake Terrace for OTAK, Inc., and published their findings in a
technical memorandum. They used a compilation of existing data, including the Brightwater
Environmental Impact Statement, nearby monitoring wells, and city and county data, to
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determine the groundwater conditions in their study area. This study was particularly
important for the groundwater analysis of my research because not a lot of groundwater
data were readily available in my study area; however the Golder Associates (2008) study
overlapped with a portion of my study area.

Another large investigation was completed in the Mountlake Terrace area. During the
summer of 2014, GeoEngineers, Inc. (GeoEngineers) provided geotechnical consulting
services for the Sound Transit Lynnwood Link Extension! (ST-LLE), which will extend the
Link light rail from Seattle to Lynnwood. This investigation used hollow-stem auger and mud
rotary methods to drill 84 boreholes ranging from 40 to 101.5 ft in depth (GeoEngineers,
2015). Samples were collected using a 2-inch OD split-barrel standard penetration test (SPT)
sampler in accordance with the American Society for Testing and Materials (ASTM) standard
D 1586, or with a 3-inch diameter Shelby tube sampler in accordance with ASTM D 1587.
The SPT samples were obtained by driving the sampler 18 inches into the soil with a 140 Ib.
hammer free-falling 30-inches. The data that I used from this investigation includes: index
test results, groundwater measurements, and boring logs from 13 geotechnical borings
(Table 1).

3.2 Vashon Advance Outwash

In general, glacial advance outwash is a thick unit of fluvial sediments that are deposited by
high-energy meltwaters ahead of an advancing glacier (Koloski et al, 1989). These
glaciofluvial sediments are then overridden by the glacier, resulting in post-depositional
compaction (Easterbrook, 1969). Advance outwash is mostly composed of clean sand,
although it often contains a wide range of grain sizes (Tubbs, 1974). As with other fluvial
systems, coarser materials are deposited close to the source, and finer materials are sorted
and carried away from the source; this process results in a coarsening-up sequence, by which
silty sands are deposited farther away from the glacier, and gravel and coarser grained
materials are deposited closer to the glacier (Moses, 2008). However, this coarsening up
sequence is only a simplified facies model, and in actuality braided streams, point bars, and
other fluvial features complicate the stratigraphy of these deposits (Troost and Booth, 2008).

The Qva is described as well-sorted, dense to very dense, fine to medium sand with lenses of
gravel, silt, and clay (Mullineaux et al, 1965). The Qva type section is an outcrop in the cliffs
at Fort Lawton, in Discovery Park, Seattle, WA (Troost and Booth, 2008). Here, the unit is
defined as outwash related to the advance of the Vashon Glacier and includes the transitional
zone from the underlying Lawton Clay (Qvlc) (Mullineaux et al, 1965). The transitional zone
between the Qva and the Qvlc is typically tens of feet thick, and contains interbedded sand
and silt/clay representing the transition from a proglacial lake to a stream environment

1] contributed to various aspects of the project while interning at GeoEngineers. Tasks that | helped with included
logging borings, taking piezometer and barometer measurements, observing slug tests, surveying, and conducting
laboratory analysis of field samples.
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(Kathy Troost, University of Washington (UW), personal communication, 2015). In areas
where the Qvlc is absent, the onset of the Vashon Stade is marked by the Qva, which may be
in contact with pre-Vashon glacial (Qpg) or interglacial deposits (Qpn) (King County, 2002;
King County, 2004; Troost and Booth, 2008; GeoEngineers, 2015). About 50% of Qva is
capped by Vashon glacial till (Qvt) (Kathy Troost, UW, written communication, 2015). The
contact between the Qva and the Qvt varies between sharp and gradational (Laprade and
Robinson, 1989; Troost and Booth, 2008). Exposures of Qva can be found bluffs and steep
gullies that reach the upland (Kathy Troost, UW, written communication, 2015).

There is some variability in the bedding and depositional setting of the Qva; studies suggest
that the Qva was deposited subaerially to subaqueously (Troost and Booth, 2008). Subaerial
sedimentation is indicated by remnants of channels, gravel bars, and fine-grained lenses
from braided streams, whereas subaqueous sedimentation is recognized by remnants of
deltas, turbidites, and horizontal bedding in proglacial lakes, at the terminus of outwash
streams (Troost and Booth, 2008). The Qva that is considered to have been subaqueously
deposited contains foreset beds and cross-bedding that are steeply dipping at 30-40° (Kathy
Troost, UW, personal communication, 2015). Cross-bedding is also common in subaerial
deposits, but is generally not as tall as in the deltas (Kathy Troost, UW, written
communication, 2015).

3.2.1 Hydrogeology

In the Mountlake Terrace area, the Qva forms an extensive, unconfined aquifer with a
saturated thickness of about 100 ft, and an unsaturated thickness ranging from 20 to 100 ft
(Golder Associates, 2008). The groundwater in the Qva discharges to surface water,
primarily to Hall Creek and Lake Ballinger, via hydraulic connection with recessional
outwash or alluvium (Golder Associates, 2008). Golder Associates (2008) states that Lake
Ballinger appears to be underlain by Lawton Clay or pre-Fraser deposits, which have low
permeability. Additionally, groundwater from the Qva may be recharging deeper aquifers in
the area (Golder Associates, 2008). The rate of groundwater recharge ranges from 15 to 20
in/yr in areas where permeable outwash is exposed at the surface, and is less than 10 inches
per year in areas that are capped by till or are urbanized (Golder Associates, 2008). Typical
hydraulic conductivity data for glacial sediments, and a conceptual hydrogeologic model of
geologic units located in the Mountlake Terrace area can be found in Appendix A.

As mentioned above, the basal portion of the Qva is often saturated with groundwater, which
is retarded by the underlying less-permeable Qvlc, Qpf, or Qpg geologic units (Tubbs, 1974;
Appendix A). If the contact between these units is exposed at the surface, the saturated zone
in the Qva can be identified by seeps and springs (Miller, 1989). The contact between these
hydrostratigraphic units has been identified as the location of frequent landslides in the
Puget Lowland (Tubbs, 1974).

Pivaroff-Ward p.5 ESS 601



4.0 Geologic Setting

The following sections describe the regional, local, and structural geology in relation to the
study area.

4.1 Regional Geology

The study area is located in the Puget Lowland section of the Salish Lowland physiographic
province (Haugerud, 2004). The Puget Lowland is a structural and glacially-eroded trough
centered between the Cascade Range to the east and the Olympic Mountains and Willapa
Hills to the west (Troost and Booth, 2008; Moses, 2013; Figure 2). Major geographic features
of the Puget Lowland include the San Juan Islands, the Puget Sound, and the Strait of Juan de
Fuca. The Puget Lowland is characterized by a dynamic landscape that has been largely
shaped by continental glaciations, tectonic activity, and volcanism (Troost and Booth, 2008).
The geomorphic processes that occurred during glacial and interglacial periods have greatly
influenced the modern topography of this region (Booth, 1994).

The Cordilleran Ice Sheet was a continental ice sheet that extended from southeastern
Alaska, to northern Washington, and across to northwestern Montana during the Quaternary
(about 2.59 million years ago (Mya) to present); there were been at least seven glacial
advances during this time (Booth et al, 2003; Troost and Booth, 2008). The Cordilleran Ice
Sheet included the Puget, Okanogan, Columbia River, Purcell Trench, and Flathead Lobes,
which extended into western Washington, north-central Washington, eastern Washington,
northern Idaho, and northwestern Montana, respectively (Booth et al, 2003). During the
Vashon Stade of the Fraser Glaciation, the Puget Lobe extended farther south than Olympia,
WA, and occupied the area between the Cascade Range and the Olympic Mountains
(Thorson, 1979; Porter and Swanson, 1998; Troost and Booth, 2008; Figure 2). At its
maximum extent, the Puget Lobe was as much as 3,300 ft (1,000 m) thick in the Seattle area,
and 6,600 ft (2,000 m) in British Columbia (Porter and Swanson, 1998; Clague and James,
2002).

The surficial geology of the Puget Lowland consists predominantly of Vashon-aged (about
15,000 to 13,000 ya) glacial sediments, with intermittent exposures of Tertiary bedrock of
Paleocene (about 66 to 56 Mya) to Oligocene (about 33.9 to 23 Mya) age (Moses, 2013). The
generalized Quaternary section in the Puget Lowland consists of pre-Vashon glacial and
interglacial deposits overlain by glaciolacustrine clays and silts, advance outwash sands,
glacial till, and recessional outwash from the Vashon Stade (Galster and Laprade, 1991;
Savage et al, 2000; Figure 3). At least seven glacial advances have been documented in the
Puget Lowland (Troost and Booth, 2008). Glacial loading has resulted in the over-
consolidation of glacial and interglacial sediments, with the exception of Vashon recessional
outwash, which was deposited as the glacier retreated (Galster and Laprade, 1991).
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The slopes in the Puget Lowland are prone to landslides and other slope stability issues
(Mullineaux et al, 1965; Tubbs, 1975). There are several contributing factors for this, which
include geologic and climatic conditions, as well as anthropogenic influences (Tubbs, 1974).
The contact between the Qva and the less-permeable underlying units has been identified as
the “slip-surface” for several large landslides in the Seattle area (Tubbs, 1974). Sixty-four
percent of all historical (between 1909 and 1999) landslides in Seattle occurred within 150
ft of the Qva/Qvlc contact (Coe et al, 2004). During periods of heavy precipitation, water can
accumulate above silt and clay lenses within the Qva and above the confining layers that
underlie the Qva (Miller, 1989). This occurrence consequently decreases the stability of the
soils by elevating the pore fluid pressures between the grains in the Qva (Tubbs, 1974). The
stratigraphic placement of the Qva, which is an aquifer, above less-permeable units, which
create an aquitard, is a key factor in the landslides in this area (Tubbs, 1974).

4.2  Local Geology

The surficial geology in the vicinity of the project site is predominantly Vashon Stade glacial
deposits, as is documented in the boring logs used in this study (King County, 2002; King
County, 2004; GeoEngineers, 2015). A conceptual hydrogeologic model of the geologic units
in the Mountlake Terrace area can be found in Appendix A (revised from Golder Associates,
2008). Glacial deposits of the Vashon Stade found in the study area include the following
units: recessional outwash (Qvr), glacial till (Qvt), advanced outwash (Qva), and proglacial
lacustrine deposits, which are formally referred to as the Lawton Clay (Qvlc). Also within the
study reach is: Holocene alluvium (Qal), artificial fill (Qaf), and peat (Qp); pre-Fraser
interglacial fluvial (Qpfnf), lacustrine (Qpfnl), wetland deposits (Qpfnw), and mass wastage
deposits (Qpfnmw); and pre-Olympia glacial outwash (Qpogf), glaciolacustrine deposits
(Qopgl), glaciomarine drift (Qpogm), glacial till (Qpogt, Qpogtm), and glacial diamict deposits
(Qpogd). For the purposes of this paper, | amalgamated the pre-Fraser interglacial deposits
and labeled them as Qpn. Similarly, I grouped the pre-Olympia glacial deposits together and
labeled them as Qpg. In summary, the geology documented in the boring logs used in this
study exemplify cycles of glacial and interglacial erosion and deposition.

4.3  Structural Geology

Tectonic activity in this area is occurring at both regional and local scales (Atwater et al,
1995; Pratt et al, 1997). At the regional scale, the convergence of the Juan de Fuca plate and
the North American plate form the Cascadia Subduction Zone, which is capable of producing
up to moment magnitude (Mw) 9.0 earthquakes (Wells et al,, 1998; Nedimovic et al, 2003).
Additionally, the northward movement of the Pacific plate is causing complex seismic strain
(north-south shortening) to accumulate throughout western Washington and Oregon (Pratt
et al, 1997; Wells et al, 1998; WA-DNR, 2015). This strain, in combination with glacial
isostatic adjustment, has created several large fault systems in western Washington (Figure
2). These faults produce more than 1,000 earthquakes each year (Lasmanis, 1991). Thick
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Quaternary deposits of glacial and interglacial sediments conceal many of these faults.
Furthermore, dense vegetation and widespread urbanization obscure active fault traces,
making it difficult to study faults in this area.

There are two major fault zones in proximity to the study site, the Seattle Fault Zone (SFZ)
to the south, and the Southern Whidbey Island Fault Zone (SWIF), which may run through
the project site (Blakely et al, 2004; Troost and Booth, 2008; Barnett et al, 2010). Both of
these fault zones are poorly located, for reasons described above.

The SFZ is composed of a series of west-trending, south-dipping thrust faults that have
resulted from north-south compression due to the convergence of the Pacific, Juan de Fuca,
and North American plates (Johnson et al, 2004; Lamb et al, 2012). The Seattle fault is
thought to be around 30 Myrs old, and is considered an active fault (Nelson et al, 2014).
There is evidence for several significant ruptures in the past 15,000 years, including 20 feet
of vertical displacement during an earthquake dated 1,100 years ago (Atwater and Moore,
1992). The SFZ is about 31 mi long and is capable of producing up to Mw 7.0 earthquakes
(Blakely et al,, 2002; Nelson et al,, 2014). The SFZ is recognized by Eocene (about 56 to 33.9
Mya) bedrock juxtaposed against Quaternary (about 2.59 Mya to present) glacial deposits,
and large geophysical anomalies (Lasmanis, 1991; Blakely et al, 2002). Three east-trending
strands of the fault have been identified, although the exact boundaries of the SFZ are still
under investigation (Johnson et al, 1999; Blakely et al.,, 2002).

The SWIF is another active fault in the Puget Lowland, and is capable of producing up to Mw
7.1 earthquakes (Sherrod et al, 2008). Unlike the Seattle fault, the SWIF has a northwest-
trend and a steep northeast-dip (Johnson et al, 1996). The SWIF is thought to have
originated in the early Eocene (about 56 to 47.8 Mya) as an arc-parallel strike-slip fault
(Liberty and Pape, 2006). The SWIF may be as long as 93 mi long, originating in Victoria and
extending to Seattle, where it may merge with the SFZ (Sherrod et al, 2008). It has been
identified through the use of seismic-reflection surveys, borehole data, and gravity and
magnetic anomalies (Sherrod et al, 2008). The SWIF is composed of several strands across
a zone that is 3.75 to 6.8 mi wide (Johnson et al, 1996). The strands have inferred dextral
strike-slip, reverse, and thrust displacement (Johnson et al, 1996). The SWIF was
conceptualized by Johnson et al, (1996) as an oblique, right-lateral strike-slip fault, that
sometimes form transpressional flower structures, and by Brocher et al, (2005) as an
advancing wedge bound by roof and floor thrusts. Paleoseismological evidence suggests that
the SWIF last ruptured about 2,700 years ago, and has produced at least four significant
earthquakes since the retreat of the Vashon Glacier (Sherrod et al, 2008). Evidence for
recent activity includes stratigraphic offset and disruption, structural relief, displacement in
Quaternary sediments, Quaternary folds, liquefaction features, and minor historical
seismicity (Johnson et al,, 1996).
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5.0 Methods

In this section I describe the methods that I used to obtain and analyze data, and create two-
and three-dimensional subsurface models. In addition to studying the Qva in the study area
for this project, the modeling methods described in this section can be applied to various
other subsurface studies.

5.1 Data Acquisition

I began this study by reviewing existing data about the geology, topography, and
hydrogeology of the area. During this stage, I gathered LiDAR images (U.S. Geological Survey,
2001), aerial photographs (Google Earth Pro, 2012), geologic maps (Booth et al., 2004), and
technical reports (King County, 2002; King County, 2004; Golder Associates, 2008;
GeoEngineers, 2015). I used the Subsurface Geology Information System?2 published by the
Washington State Department of Natural Resources (WA-DNR) to view available borehole
information. I used the locations of boreholes with sufficient data to determine the
boundaries of the study area and to draw the transect lines for the cross-sections. I contacted
the appropriate consulting firms and government agencies to obtain the boring logs and
geotechnical reports that were pertinent to my study. The boring logs and geotechnical
reports that [ used in my study were from GeoEngineers for the ST-LLE Project, and from
Shannon & Wilson, HWA Geosciences, and CDM Smith for the Brightwater Project. These
projects are described in detail in Section3.1, and a summary of the borings used in this study
can be found in Table 1. From the boring logs, [ was able to obtain data on stratigraphic unit
descriptions, soil classifications, elevations, blow counts, laboratory index test results, and
groundwater observations. However, not all boring logs had this complete set of information.
The boring logs also identified the geologic units that were observed while drilling, based on
visual-manual classifications, laboratory testing, and/or age-determination. I used the labels
found in the boring logs as a reference for identifying the Qva in my study.

5.1.1 Unit Thickness

To determine the thickness and variability of the Qva, I created a table of geologic contact
elevations (Table 2) based on the information from the boring logs, which can be found in
Appendix B. The vertical extent of this study was bound between the ground surface and 100
ft elevation, though not all borings reached this depth and many went deeper. Although the
lower limit of the Qva is much shallower than 100 ft elevation, I chose to terminate the
vertical extent of the study at this elevation because it provides sufficient context for the
paleotopography that might influence the thickness of the Qva. I used Table 2 to develop five
cross-sections, a block diagram, and a fence diagram, which are described in Section 5.3.

2 The Subsurface Geology Information System originated from a database compiled by Kathy Troost and Aaron
Wisher at the Pacific Northwest Center for Geologic Mapping Studies (GeoMapNW) at the University of
Washington.
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5.1.2 Relative Density

The soil density values that I used in this study were estimated using field data (N-values?3)
that were recorded at various depths during previous investigations. The N-values recorded
for the ST-LLE Project were acquired using a SPT sampler, and were done in accordance with
ASTM D 1586. However, the N-values recorded for the Brightwater Project were acquired
using a D&M sampler. Although the D&M sampling method is different from the standard
test, the blow counts still provide a relative indication of soil density and consistency (King
County, 2002). SPT and D&M sampling are considered to be correlative with respect to blow
counts, so long as the hammer weight is adjusted to the sampler size, so that the energy
delivered to the subsurface is equivalent (Kathy Troost, UW, personal communication,
2015).

There are several variables that affect the integrity of N-value data; this includes drilling
method, sampling method, and soil conditions. Different types of drilling methods influence
the disturbance in the soil samples in different ways. For the purposes of this study, I
analyzed N-value data from samples that were acquired during mud rotary drilling for the
following reasons. Soil heave often occurs while drilling in water-bearing sands that are
under confining pressures; this compromises the integrity of blow counts and soil samples
(Nielsen, 2005). Mud rotary drilling reduces the pressure gradient by adding mud inside the
auger, which minimizes heave in water-bearing sands, such as the Qva (Munch and Killey,
1985). Sampling method also effects the N-value. In this study, I use data collected by SPT
and D&M sampling methods. Additionally, soil conditions influence the accuracy of blow
counts. An inaccurate measure of the soil density can be measured if the soil sampler hits a
large gravel or boulder that prevents the sampler from being driven into the soil. Also, if the
refusal was met (i.e. the sampler did not penetrate 6-inches into the soil after 50 blows by
the hammer), the N-value is recorded as the inches driven per 50 blows (ex: 50 blows for 4-
inches), rather than the number of blows taken to drive the sampler the final 12- of 18-
inches. For these reasons, I did not include N-values for samples that hit refusal. Only 14 of
the 196 SPT and D&M samples were collected during mud rotary drilling, and were not met
with refusal. These 14 samples provide the most reliable N-value data.

5.1.3 Laboratory Test Results

[ used the information provided in the boring logs from previous investigations and their
corresponding geotechnical reports to obtain laboratory test results of select Qva samples
(King County, 2002; King County, 2004; GeoEngineers, 2015). The tests on these samples

3 Standard penetration resistance (N-value) is the number of blows it takes a 140 pound hammer, free-falling 30
inches, to drive a 2-inch OD SPT sampler the final 12- of 18-inches. The N-values provide a general understanding
of the resistance to penetration and is a measure of the relative soil density.
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were completed using the following standards: ASTM D 1140, for Percent Fines*
Determination; ASTM D 422 for Grain Size Distribution; ASTM D 2216, for Moisture Content
Determination; and ASTM D 2487, for Classification of Soils.

5.1.4 Groundwater Conditions

My analysis of the groundwater conditions is limited by the amount of data that were readily
available. I used information from the boring logs and geotechnical reports to obtain
groundwater elevations. Some of the groundwater data in the boring logs and geotechnical
reports were based on observations while drilling, while other data were measured with a
vibrating wire piezometer (VWP), pressure transducer, or other measuring instruments. The
approximate groundwater elevations, dates of record, and methods of measurement are
annotated on the cross-sections (Figures 4-8) where data was available.

Single-well field hydraulic conductivity tests (slug tests) were performed at two wells in the
study area, BW-6 and LLE-B11P, by Shannon & Wilson for the Brightwater Project and by
GeoEngineers for the ST-LLE Project, respectively. The semi-log plots of water level versus
time for the BW-6 slug test were provided in the King County (2002) geotechnical report.
However, no interpretation or analysis of the test was provided.

5.2  Data Analysis

[ used scatter plots to examine if the density, fines-content, and moisture content directly
influenced each other. I plotted the N-values obtained during mud rotary drilling (see Section
5.1.2) against various other variables (percent fines, depth, and elevation) to determine if
any of these variables directly influence the density of the soil. As a comparison, [ evaluated
the N-values obtained during mud rotary, Becker hammer, and hollow-stem auger drilling
methods. I also evaluated moisture content and percent fines in relation to each other, to
elevation, and to depth from ground surface. In addition, I conducted a volumetric analysis
of the soil classifications within the Qva for all 27 borings.

5.3  Modeling

One of the main purposes of this research is to determine the three-dimensional (lateral and
vertical) extent of the Qva. To accomplish this, I used ArcGIS and EnterVol to add a third
dimension to previously completed two-dimensional studies. The following sections
describe the methods that were used to generate a cross-section for each of the five transect
lines, a block diagram, a fence diagram, and an isopach map of the Qva thickness. These
models help illustrate the spatial variability of the Qva in the study area.

4 Fine grained sediments are defined by ASTM D 1140 as material finer than 75 um, or as particles that can pass
through a No. 200 sieve.
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5.3.1 Cross-Sections

I used borehole data and various extensions of ArcGIS to create five cross-sections. The
purpose of creating the cross-sections is to illustrate the spatial variability in two-
dimensions along a transect line. I began this phase of modeling by marking and exporting
the location of each borehole and transect line in Google Earth (Figure 1).1then collaborated
with Gene Lohrmeyer at GeoEngineers to complete the following steps using ArcGIS. We first
imported the locations of the borings and transect lines in ArcGIS. We then created a
shapefile for each borehole and transect line, which we projected to the NAD 1983 State Plane
Washington North (ft) coordinate system. We used a 10-meter digital elevation model (DEM)
from the U.S. Geological Survey as an elevation datum (U.S. Geological Survey, 2001). We
then interpolated the lines using their positions along the DEM to create an elevation profile
for each of the five transects. I then digitally drew the stratigraphy for each cross-section,
using data from the boring logs to infer the subsurface geology. I did this for each of the five
cross-sections, shown in Figures 4-8.

5.3.2 Three-Dimensional Models

[ collaborated with Gene Lohrmeyer at GeoEngineers to create block and fence diagrams, and
an isopach map of the Qva, using EnterVol, which is an extension of ArcGIS.

To create the block diagram, we first georeferenced the borehole locations to the NAD 1983
State Plane Washington North (ft) coordinate system in ArcGIS-ArcScene, ESRI’s three-
dimensional viewing platform, and exported the data into our EnterVol map. We then created
two new models to define the lateral and vertical extents of the study area. The first model
used a shapefile with an xy-grid to define the two-dimensional (lateral) extent of the area to
be analyzed. Next, we used elevation data to define the three-dimensional (vertical) extent
of the area to be modeled; the top of the borings served as the upper extent and the bottom
of the borings as the lower extent. We then added a third model to assign stratigraphic values
to the three-dimensional model, based on the borehole data in Table 2. We automated the
block diagram in EnterVol using an inverse distance weight algorithm and the three models
described above. We then created a fence diagram by making slices of the block diagram
along each of the five transect lines.

We also created an isopach map of the unit thickness. We did this by first isolating the Qva
in the block diagram. Then we converted this segment of the diagram to a point cloud, and
saved it as a shapefile. Next, we opened the shapefile in ArcMap, and added x and y values to
the points. We used the natural neighbor interpolation to create a surface from these points
based on elevation, using a 10 m grid cell size to match the DEM used in earlier steps. Finally,
we converted the interpolated raster surface to 25 ft vector contours to illustrate the
thickness of the Qva, as modeled by EnterVol.
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6.0 Observations

6.1  Spatial Distribution

The surface of the Qva in the study area is found at a maximum elevation of 477 ft at boring
LLE-B17 and at a minimum elevation of 247 ft at boring E-108 (Table 2, Figures 4-8). The
depth to the top of the Qva varies from 0 to 109.8 ft below ground surface (bgs). The bottom
of the Qva ranges in elevation from 406 ft at boring LLE-B17 to 178.5 ft at boring BW-4. The
depth to the bottom of the Qva ranges from 53 to 279 ft bgs. The thickness of this unit varies
from 21 to 242 ft in the three-dimensional models (Figures 9-12), and from 0 to 242 ftin the
geotechnical boring logs (Table 1). The Qva thins to the east between borings BW-4 and BW-
6, along Transect 1 (Figure 4). The thickness and continuity of the Qva is impacted by an
apparent ridge at boring E-109, along Transect 2 (Figure 5). At this location the Qva pinches
out, and pre-Fraser interglacial deposits (Qpn) are exposed at the surface. Along Transects 3
through 5, the Qva is thickest where the modern topography is high, and is thinnest where
the topography is low (Figures 6-8, respectively).

The block diagram in Figure 9A shows the extent of the Qva, as modeled in EnterVol, and
Figure 9B shows the block diagram with a vicinity map overlay for reference. There are
discrepancies between the three-dimensional models created in EnterVol and the cross-
sections (Figures 4-8). Similar to the cross-sections, the block and fence diagrams shows the
Qva thinning to the east (Figures 9A and 10). However, there is no surface expression of the
ridge that pinches out the Qva in the three-dimensional models. Similar to the cross-sections,
the Qvain the block and fence diagrams is thickest where the topography is greatest (Figures
9A and 10). Figures 11A and 11B combine the Qva unit from the block diagram with the fence
diagram to help illustrate the extent of the Qva in relation to other geologic units.

The three-dimensional models show that the Qva is thickest at the southwestern extent of
the study area, as is illustrated in Figure 12. The Qva appears to thin to the east along
Transects 1 and 2, to the north along Transect 3, and to the south along Transects 4 and 5
(Figure 12). The thickness of the Qva appear to decrease as a function of elevation along
Transects 3, 4, and 5, which trend north-south. The Qva is thinnest in valleys and other
topographic lows, and is thickest at modern topographic highs.

6.2  Physical Properties
6.2.1 Relative Density

The relative density of the Qva in the study area was evaluated based on review of SPT and
D&M blow count data collected during the drilling of geotechnical borings. The relative
density ranges from dense (N-value range: 30-50) to very dense (N-value: 50+), based on the
14 N-values collected during mud rotary drilling, described in Section 5.2 (Appendix C). As a
comparison, the relative density data collected during all drilling methods ranged from loose
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(N-valuesrange: 4-10) to very dense (N-values: 50+). There appears to be a slight correlation
between density and fines content (Figures 13). I did not find a correlation between density
and elevation (Figure 14). However, relative density appears to increase with depth from the
ground surface (Figure 15). All N-Values recorded within the Qva can be found in the boring
logs (Appendix B). Data regarding fines content, elevation, and depth can be found in the
boring logs in Appendix B and in the borehole data summary sheet in Appendix C.

6.2.2 Grain Size

A wide range of grain sizes were recorded for the soil samples that had sieve analyses. The
following is a summary of the content of soil samples that were collected from the Qva: gravel
content ranged from 0 to 48.2%, the sand content ranged from 40.9 to 97.6%, and the fines
content ranged from 1.3 to 36%. Silt and clay lenses are located throughout the Qva. The
sample with the highest fines content (36%) was located 40 ft bgs and 7 ft below the top of
the Qva, at boring LLE-10S. Results from sieve analyses can be found in Appendix C.

A volumetric analysis of the Qva show that this unit is composed of the following soil groups:
6.6% well-graded gravel (GW), 1.9% poorly-graded gravel (GP), 0.9% poorly-graded gravel
with silt (GP-GM), 0.1% silty gravel (GM), 3.5% well-graded sand (SW), 2.7% well-graded
sand with silt (SW-SM), 33% poorly-graded sand (SP), 37.3% poorly-graded sand with silt
(SP-SM), 12.8% silty sand (SM), 0.9% lean silt (ML), and 0.3% lean clay (CL) (Figure 16A).
The soil classifications follow ASTM D 2487, which is summarized in Appendix D. A
volumetric analysis of the soil groups within the Qva of each boring is shown in Figure 16B
and is summarized in Table 3.

[ found a slight correlation between the fines content and the relative soil density (Figure
13). Additionally, all samples with greater than 10% fines content were dense to very dense.
I did not find a correlation between fines content and depth nor elevation (Figure 17). Lab
test results from sieve analysis and fines content determination can be found in the boring
logs (Appendix B), and in the borehole data summary sheet (Appendix C).

6.2.3 Moisture Content

The natural moisture content of select samples from the Qva range from 3.0 to 35.4% natural
moisture, by weight. There is a slight trend (exponential, R = 0.3226) correlating depth from
the ground surface to an increase in moisture content (Figure 18). Likewise, there is a slight
linear trend (R2? = 0.2730) correlating elevation and moisture content (Figure 18). The
moisture content also appears to increase with an increase in fines content (Figure 19).

6.3 Groundwater Conditions

[ found that the top of the water table in the Qva aquifer ranged from 231.9 to 458 ft in
elevation, based on the 16 groundwater measurements that were recorded in the
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geotechnical boring logs (Appendix B). Rising head and falling head slug tests> were done at
LLE-B11P on August 04, 2014. The results of the slug tests indicate that the geometric mean
of hydraulic conductivity is 15.93 ft/d (5.62 x 10-93 cm/s), the storativity is 3.28 x 10-93, and
the estimated transmissivity is 738.58 ft?2/d in the vicinity of this observation well
(GeoEngineers, 2015). The groundwater at LLE-B11P changed from an elevation of 354.83
ft on August 12, 2014 to an elevation of 355.04 on March 13, 2015. During this time period,
the lowest groundwater elevation was recorded at 354.74 ft on September 23, 2014, and the
peak groundwater elevation was recorded on February 08, 2015 at 356.47 ft, for a difference
of 1.73 ft between the summer and winter seasons. The groundwater elevation at LLE-B11P
increased after significant precipitation events (Figure 20).

7.0  Analysis & Discussion

In this section [ discuss the observations from this study in relation to data found in
published literature (Table 4). I will also discuss how and why my findings deviate from
published data on the Qva. These comparisons will help geologist, hydrogeologists,
engineers, and environmental scientists conceptualize local variations in the Qva that may
affect slope stability, groundwater dynamics, engineering properties, and migration of
contaminants.

7.1  Spatial Distribution

In a previous study, it was determined that the Qva ranges from 50 to 200 feet in thickness
in proximity to Lake Ballinger (Golder Associates, 2008). Additionally, Mullineaux et al.
(1965) commented that glacial advance outwash is typically greater than 100 ft thick, and
Troost and Booth (2008) found that the Qva ranges from absent to 400 ft thick. I found that
the thickness of the Qva in the study area ranges from 0 to 242 ft. This is comparable to
findings from published data (Table 4), although the thickness is greater than reported by
Golder Associates (2008).

The elevation of the top of the Qva in the study area ranges from 247 to 477 ft. Troost and
Booth (2008) found that the top of the Qva was deposited between elevations of 400 and
600 ft, and that the top of this unit is locally lower where subsequent erosion has occurred.
At boring E-108, where the top of the Qva is at 247 ft elevation, there is a thick deposit of Qvr
overlying the Qva (Figures 5 and 11A). This depression in the Qva may be an erosional
feature formed by the advancing glacier, and later filled in with recessional outwash as the
glacier retreated. It is also possible that this abnormality was caused by geomorphic or
tectonic processes.

The automated three-dimensional models in this study show that the base of the Qva is not
flat due to preexisting topography (Figures 4-9A). Troost and Booth (2008) found that the

5| observed these tests, which were part of the ST-LLE project, while interning at GeoEngineers.
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Qva fills paleotopographic valleys and channels, some of which are below sea level. The
bottom elevation of the Qva in the study area ranges from 178 to 406 ft. Figures 11A-11B
show the extent of the Qva in relation to other units.

The thickness of the Qva is greatest at topographic highs (Figures 4-8); Troost (2006) found
this to be true over much of the Puget Lowland. This is likely due to a combination of pre-
existing topography at the time of deposition and preservation from erosional forces.
According to the models generated in this study, the topographic highs in the study area are
capped by till, which is conceivably shielding the Qva from erosion. However, further
explorations are needed to verify the location of the till in the study area.

7.1.1 Variability in Unit Thickness

The thickness of the Qva is impacted by an apparent ridge at boring E-109 on Transect 2
(Figure 5). There are two plausible explanations for the nature of this ridge. The first
possibility is that the ridge represents a paleotopographic high, and that the Qva was either
eroded or was never deposited at this location. Evidence for erosion includes the contact
between Qvr and Qva, and the absence of Qvt at boring E-108 on Transect 2. A second
hypothesis is that this ridge represents vertical displacement from a conjugate of the SWIF,
which is proximal to the study area. Supporting evidence for this hypothesis includes:
indications of off-set and movement recorded in boring logs, differences in stratigraphy
between Transects 1 and 2, and geologic mapping of the SWIF close to the study sight.
Slickensides, fractures, and other indications of movement are documented in boreholes
BW-4, BW-5, and BW-6, on Transect 1, and in E-105, MW-4, E-106, E-107, E-108, MW-5, E-
109, E-110, and E-211 on Transect 2. Interglacial mass wasting deposits (Qpfnmw) are also
recorded in boring E-108 on Transect 2 (Figure 5, Appendix B). Slickensides represent past
shearing displacement between two surfaces, and may indicate faulting, persistent landslide
movement, or stress relief from isostatic rebound as the result of glacial ice melting (Miller,
1989). The slickensides found in this area could have formed under any one of the three
conditions listed above, or by a combination of those conditions. However, it is also possible
that the slickenslides, which were recorded in the Qvlc, Qpn, and Qpg, were created while
drilling. The stratigraphic relationships along Transects 1 and 2 are not consistent (Figures
4 and 5, respectively). Transect 1 shows that the bottom of the Qva is in contact with Qvlc
and Qpg, and that Qpg overlies Qpn. However, in Transect 2, the bottom of the Qva is in
contact with Qvlc and Qpn, which overlie Qpg. The ages of the Qpn and Qpg have not been
determined, so it is unclear if the stratigraphic relationship between the Qpn and Qpg in
these two transects is undisturbed, or if it represents an unconformity or off-set. Finally,
Sherrod et al. (2008) identified lineaments of the SWIF close to the study site using magnetic
and gravity anomalies. However, the exact locations of the lineaments are not well-
constrained. In summary, there are two possibilities to define the nature of the ridge that the
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Qva pinches out against. However, further research is needed to determine the nature of this
ridge.

7.2 Physical Properties

The relative density of the 14 Qva samples measured in the study area are consistent with
values published by Glaster and Laprade (1991). I found that the density of the Qva generally
increases with increasing fines content. Theoretically, this makes sense. “Clean” sands could
have a lower blow count than “dirty” sands, because fine-grained sediments can fill void
space and give the sands cohesion. However, the sample size that I used in this study was
limited, and this correlation may be due to random chance. I also found that the density of
the Qva generally increases with depth. This correlation can be explained by the increase in
compressive forces on the sediment with depth, making them more compact. However, not
all of the very dense (N-value of 50+) soil samples contained a significant percentage of fine-
grained material, and some of the samples were located near the surface. Therefore, factors
other than fines content and depth influence the density of the Qva. Weathering,
bioturbation, stress relief, and downslope movement are a few factors that may reduce soil
density, while cobbles and boulders may prevent the sampler from advancing or may
increase blow counts.

[ found that the Qva in the study area is composed of about 89.3% sand, 9.5% gravel, 0.9%
silt, and 0.3% clay. I did not find a correlation between fines content and depth. Despite the
coarsening-up facies model of the Qva, I would not expect there to be a correlation between
fines content and depth because the depositional environments (high-energy braided
streams with subaqueous termini) were dynamic and complex; therefore, the sediments
were not uniformly distributed based on grain size.

[ found that the natural moisture content of samples collected for the Qva in the study area
increase with an increase in fines content and depth, and a decrease in elevation. [ would
expect these correlations for the following reasons: the fines content likely aids in water
retention via adsorption and cohesion, and moisture content probably increases with depth
and decreases with elevation as the result of gravity and proximity to groundwater.

7.3 Groundwater Conditions

Variations in the top and bottom elevations of the Qva will influence the flow patterns of
groundwater. The thickness of the Qva may also influence the depth to water (see boring E-
107, Figure 5). I found that the saturated thickness of the Qva ranges from 0 to 102 ft within
the study area. This is comparable to the findings in Golder Associates (2008), which states
that the saturated thickness ranges from 10 to 100 ft in the Mountlake Terrace area (Table
4).1found that the depth to the saturated Qva aquifer ranged from 7 to 221 ft bgs in the study
area. It was reported in the King County (2002) geotechnical report that the groundwater
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elevation varies, although they found that soils 20 to 70 ft bgs were generally saturated (King
County, 2002).

Golder Associates (2008) states that the potential for infiltration is good in areas where the
Qva is exposed at the surface and a sufficient unsaturated thickness exists. At boring LLE-
B11P, the Qva is exposed at the ground surface. However, the groundwater was recorded at
7.4 ft bgs on August 12, 2014. The Qva at this location is 46.5 ft thick; therefore,
approximately 84% of the total thickness of the unit is saturated at LLE-B11P. The
groundwater elevation at boring LLE-B11P peaked following large precipitation events
(Figure 20). This suggests that the aquifer is responding to meteoric water. However, the
seasonal variations in water level are less than 2 ft at this location. This low seasonal flux is
likely attributed to the aquifer being semi-confined, either by silt lenses within the Qva or by
a nearby Qvt cap. The Qva at this location ranges in group classification from SP-SM to SM;
the silt content may attribute to the semi-confined aquifer conditions. These data were
recorded between August 12, 2014 and February 08, 2015; a longer study may show larger
seasonal variation in groundwater flux.

8.0 Conclusions

The characteristics of the Qva make it an important geologic unit. The Qva has high frictional
shear strength and low compressibility, which provides good support for foundations and
other developments (Gurtowski and Boirum, 1989). The Qva is also an important
hydrostratigraphic unit because it forms an extensive, unconfined aquifer (Golder
Associates, 2008). However, the Qva is also susceptible to slope instability, erosion, seepage,
and contamination. Studying the spatial distribution and physical properties of the Qva will
benefit geologists, hydrogeologists, engineers, and environmental scientists with respect to
decision making, prediction, and mitigation.

Understanding the spatial distribution of the Qva is significant to geologists, hydrogeologists,
engineers, and environmental scientists. The contact between the Qva and the Qvlc is a
known “slip-surface” for several large landslides in the Seattle Area (Tubbs, 1974), so
documenting the location of this contact is important for geologists working on slope
stability issues. Additionally, anomalies in the Qva, such as the one found at boring E-109,
may provide insight to other geologic concerns. The top and bottom elevations of the Qva
significantly influence the flow patterns of groundwater, and consequently, the migration of
any contaminants that leach into the groundwater. Likewise, the variability in thickness of
the Qva will directly affect the hydraulic conductivity, storativity, and transmissivity of
groundwater in the aquifer. Knowledge of the spatial distribution of the Qva is also
significant to engineers for the purposes of construction design and feasibility planning.

The spatial distribution of the Qva in the study area is comparable to generalized published
data for the Qva across the Puget Lowland. The top of the Qva ranges in elevation from 247
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to 477 ft. This is consistent with Troost and Booth (2008), which states that the top of the
Qva ranges from 400 to 600 ft in elevation, and at lower elevations where there has been
subsequent erosion. The thickness of the Qva ranges from 0 to 242 ft in the study area, which
is within the limits of Qva measured in other studies (Table 4). The three-dimensional
models generated using EnterVol show that the Qva is not a homogeneous unit in terms of
lateral and vertical distribution (Figures 9A-11B). The Qva thins to the east in Transect 1
(Figure 4), and pinches out against a ridge in Transect 2 (Figure 5). In addition to locally
affecting groundwater flow patterns and aquifer properties, this apparent anomaly in the
Qva on Transect 2 may have broader geologic implications relating to paleotopography or a
regional fault system.

The physical properties (density, grain size distribution, and moisture content) of the Qva
also have significant implications on the geology, hydrogeology, engineering, and
environmental sciences. For example, the hydraulic conductivity of the Qva aquifer will be
directly affected by the porosity of the soil it is traveling through. Additionally, silt and clay
lenses within the Qva may create perched aquifers or cause seepage, which creates the
potential for issues relating to slope stability and erosion. The density and grain size
distribution will also affect engineering properties, such as excavatability, angle of repose,
and cohesion.

[ found that the relative density of samples analyzed in this study ranged from loose to very
dense (Appendix C), with the loose end of the range probably resulting from heave. [ found
that all samples that had greater than 10% fines content were either dense or very dense
(Figure 13). Although the Qva is primarily composed of sand, I found that this unit contains
an assortment of grain sizes. Individual soil samples contained as much as 48.3% gravel,
97.6% sand, and as much as 36% fine sediment (Appendix C). A volumetric analysis of the
soil groups show that the Qva is composed of the following classifications, listed from
greatest to least volume: 37.3% SP-SM, 33% SP, 12.8% SM, 6.6% GW, 3.5% SW, 2.7% SW-
SM, 1.9% GP, 0.9% GP-GM, 0.9% ML, 0.3% CL, and 0.1% GM (Figures 16A-B). I also found
that the natural moisture content from samples collected in the study area range from 3.0 to
35.4%, and increase as a function of depth and fines content (Figures 18-19).

Groundwater dynamics considerably influence the geology and engineering properties of the
Qva. Elevated pore-pressures caused by large precipitation events are known to destabilize
slopes (Tubbs, 1975). Groundwater also affects the feasibility of developing in the Qva.
Although groundwater data were scarce, I found that the elevation of the water table in the
Qva ranges from 231.9 to 458 ft. The saturated thickness of the Qva (0-102.13 ft) is
comparable to findings from other investigations (Table 4). However, I found that the depth
to the saturated aquifer (7.59-221.3 ft bgs) was much greater in the study area than was
reported in the King County (2002) geotechnical report, which states that the depth to
groundwater is generally 20-70 ft bgs. The results of rising- and falling-head slug tests at
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boring LLE-B11P determined the following groundwater characteristics at this location:
mean hydraulic conductivity (15.93 ft/d), storativity (3.28 x 10-3), and transmissivity
(738.58 ft2/d). The seasonal variation in groundwater elevation at boring LLE-B11P was
1.73 ft, as recorded between August 12, 2014 and March 13, 2015. The Qva at this location
is silty. The silt content at this location could be partially confining the aquifer, and thus
minimizing the seasonal flux. However, data from a pressure transducer installed at this
location shows that the aquifer is responding to precipitation events.

Subsurface models can be used to gain a better understanding the relationships between
geologic units. In this study, | used EnterVol to try to model the spatial variability of the Qva.
While this program has some limitations, I found that it useful for creating three-dimensional
models that illustrate the relationships between the Qva and the other geologic units.
Overall, EnterVol produced what I needed, and [ would recommend it for other subsurface
studies.

9.0 Limitations and Assumptions

This study is limited to publicly available data, and the accuracy of those data. The data
include, but are not restricted to: geotechnical boring logs, geologic maps, technical reports,
memorandums, aerial photographs, and geospatial data.

Although the available subsurface data were sufficient, this study could have benefited from
additional borehole data. Transects 1, 2, and 5 are the most reliable, because these transects
have a greater concentration of borehole data. Transects 3 and 4 incorporate only 2
boreholes each, leaving much more room for interpretation. Additionally, groundwater data
were not as abundant nor as readily available as | had anticipated; my analysis could have
been made stronger by additional data in this field.

[ assume in my analysis of soil density that the blow counts recorded using SPT and D&M
sampling methods are correlative, although the hammer weight, sampler size, and sample
depth may affect the consistency of the data.

The final product of this research project will be applicable to the Qva only within the study
area, and should not be considered representative of the Qva elsewhere in the Puget
Lowland. However, the methods used in this study could be applied to other investigations.

9.1 Software Limitations

While the usability and viability of EnterVol was satisfactory for this study, the software has
some limitations. This program automates subsurface models based on borehole data input
by the user. However, the ability for the user to make interpretations or add corrections to
the models is somewhat limited. This issue was encountered in my models, at boring E-109.
Although the data that I input showed that the Qpn was exposed at the surface in boring E-
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109, the automated model showed the Qva at the surface instead. Additionally, the isopach
map (Figure 12) show “bulls-eye” patterns; this is an unusual geologic pattern that might
actually be an artifact of the interpolation algorithm used to make the models. It is possible
that the geology was too complex to be modeled in this area. It is also possible that the
algorithm used to interpolate the geology did not capture every fine detail. Discrepancies
between the actual and modeled values of the thickness of the Qva could have been reduced
if more borehole information were available. “Dummy” borings can be used as an aid to
increase the user’s ability to make interpretations, or to fill in voids where borehole
information is scarce; however, I did not use this approach because I wanted to compare the
automated models to the hand-drawn cross-sections. [ am uncertain of the complexity of the
models that EnterVol is able to produce. I am also uncertain of the full capabilities of this
program, which should be explored in future studies.

10.0 Recommended Future Studies

10.1 Local Characterization of the Vashon Advance Outwash

Additional studies should be conducted to compare the engineering properties (bulk density,
coefficient of friction, cohesion, etc.) of the Qva locally to that of generalized published data
(Table 4). Additional engineering properties that could be tested include: triaxial shear
strength, residual strength, dry and wet densities, and stability of cut slopes. It would also be
useful to determine the angle of internal friction with relation to fines content. The angle of
internal friction is significantly less in silts than it is in sands (Koloski et al, 1989). This
information would be useful to engineers who have project designs in the Qva, so that they
can determine how the fines content may affect the stability of a slope or excavation.

10.2 Locating Southern Whidbey Island Fault Traces

There is potential evidence for a segment of the Southern Whidbey Island Fault in Transect
2, where the Qva pinches out along a ridge. This hypothesis is supported by the presence of
slickensides, brecciated textures, shear zones, and mass wasting deposits along the same
transect (Figure 5). However, locating strands of the SWIF was not in the scope of my
research, so I did not investigate this in great detail. | recommend that future studies be done
using new and existing geotechnical borings, and the ArcGIS/EnterVol modeling methods
described above, to locate strands of the SWIF near the King/Snohomish County border or
elsewhere. Future research should also incorporate geophysical methods to identify and
locate the fault, should it exist here. Ideal locations for the geophysical research would be in
the Holyrood Cemetery, which intersects Transect 2, and at the Nile Golf Course, which is
located between Lake Ballinger and Transect 5. These areas are minimally developed, and
will not have much interference from underground utilities. Since the SWIF has obscure
boundaries and is an active fault capable of producing up to Mw 7.1 earthquakes, I think it is
in the best interest of the community to locate and constrain the lineaments of this fault.

Pivaroff-Ward p. 21 ESS 601



11.0 References Cited

American Society for Testing and Materials, 1985, D 422, Standard Test Method for Particle-
Size Analysis of Soils: Annual Book of ASTM Standards, v. 04.08, p. 8.

American Society for Testing and Materials, 1985, D 1140, Standard Test Methods for
Determining the Amount of Material Finer than 75-um (No. 200) Sieve in Soils by
Washing: Annual Book of ASTM Standards, v. 04.08, p. 6.

American Society for Testing and Materials, 1985, D 1586, Standard Test Method for
Standard Penetration Test (SPT) and Split-Barrel Sampling of Soils: Annual Book of
ASTM Standards, v.. 04.08, p. 9.

American Society for Testing and Materials, 1985, D 1587, Standard Practice for Thin-Walled
Sampling of Soils for Geotechnical Purposes: Annual Book of ASTM Standards, v. 04.08,

p- 4.

American Society for Testing and Materials, 1985, D 2216, Standard Test Methods for
Laboratory Determination of Water (Moisture) Content of Soil and Rock by
Mass: Annual Book of ASTM Standards, v. 04.08, p. 7.

American Society for Testing and Materials, 1985, D 2487, Standard Practice for
Classification of Soils for Engineering Purposes (Unified Soil Classification
System): Annual Book of ASTM Standards, v. 04.08, p. 11.

Atwater, B. F. and Moore, A. L. (1992). A Tsunami About 1000 Years Ago in Puget Sound,
Washington. Science, v. 258, p. 1614-1617.

Atwater, B. F.,, Nelson, A. R,, Clague, |. ], Carver, G. A., Yamaguchi, D. K., Bobrowsky, P. T,
Bourgeois, J., Darienzo, M. E., Grant, W. C., Hemphill-Haley, E., Kelsey, H. M., Jacoby, G.
C., Nishenko, S. P., Palmer, S. P., Peterson, C. D., & Reinhart, M. A. (1995). Summary of
coastal geologic evidence for past great earthquakes at the Cascadia subduction zone.
Earthquake spectra, 11(1), 1-18.

Barnett, E. A, Haugerud, R. A, Sherrod, B. L., Weaver, C. S., Pratt, T. L., & Blakely, R. .
(2010). Preliminary atlas of active shallow tectonic deformation in the Puget Lowland,
Washington. U. S. Geological Survey.

Bjerg, P. L., & Christensen, T. H. (1993). A field experiment on cation exchange-affected
multicomponent solute transport in a sandy aquifer. Journal of contaminant
hydrology, 12(4), 269-290.

Pivaroff-Ward p. 22 ESS 601



Blakely, R. J., Sherrod, B. L., Wells, R. E., Weaver, C. S., McCormack, D. H., Troost, K. G, &
Haugerud, R. A. (2004). Cottage Lake Aeromagnetic Lineament: A Possible Onshore
Extension of the Southern Whidbey Island Fault, Washington. US Department of the

Interior, US Geological Survey.

Blakely, R. J., Wells, R. E., Weaver, C. S., & Johnson, S. Y. (2002). Location, structure, and
seismicity of the Seattle fault zone, Washington: Evidence from aeromagnetic
anomalies, geologic mapping, and seismic-reflection data. Geological Society of America
Bulletin, 114(2), 169-177.

Booth, D. B. (1994). Glaciofluvial infilling and scour of the Puget Lowland, Washington,
during ice-sheet glaciation. Geology, 22(8), 695-698.

Booth, D. B, Cox, B. F,, Troost, K. G., & Shimel, S. A. (2004). Draft Composite Geologic Map of
the Sno-King Area, 1:24,000. Map.

Booth, D. B, Troost, K. G. Clague, J. ], & Waitt, R. B. (2003). The Cordilleran ice
sheet. Developments in Quaternary Sciences, 1, 17-43.

Brocher, T. M., Blakely, R. J., Wells, R. E., Sherrod, B. L, & Ramachandran, K. (2005,
December). The transition between NS and NE-SW directed crustal shortening in the
central and northern Puget Lowland: New thoughts on the southern Whidbey Island
Fault. In AGU Fall Meeting Abstracts (Vol. 1, p. 06).

City of Mountlake Terrace. Mountlake Terrace Municipal Code: Title 16 Environment,
Chapter 16.15 Critical Areas. City of MLT, Apr. 2015. Web. Accessed March 2015.
http://www.codepublishing.com/WA/MountlakeTerrace/

Coe, J. A, Michael, J. A, Crovellj, R. A., Savage, W. Z., Laprade, W. T., & Nashem, W. D. (2004).
Probabilistic assessment of precipitation-triggered landslides using historical records
of landslide occurrence, Seattle, Washington. Environmental & Engineering
Geoscience, 10(2), 103-122.

Easterbrook, D.]. (1969). Pleistocene chronology of the Puget Lowland and San Juan Islands,
Washington. Geological Society of America Bulletin, 80(11), 2273-2286.

Clague, ].]., & James, T.S. (2002). History and isostatic effects of the last ice sheet in southern
British Columbia. Quaternary Science Reviews, 21(1), 71-87.

Galster, R. W., & Laprade, W. T. (1991). Geology of Seattle, Washington, United States of
America. Bulletin of the Association of Engineering Geologists, 28(3), 235-302.

Pivaroff-Ward p. 23 ESS 601



GeoEngineers, Inc. Geotechnical Considerations Report: Lynnwood Link Extension Project.
Seattle, WA: GeoEngineers, 2015. Print.

Golder Associates. Technical Memorandum: Hydrogeologic Conditions, Greater Hall Lake,
Hall Creek, Chase Lake, Echo Lake, Lake Ballinger and McAleer Creek Watershed.
Redmond, WA: Golder Associates, 2008.

Google Inc. Google Earth Pro (Version 7.1) [Software]. (2012). Available from: https://www.
google.com/earth/download/gep/agree.html

Gurtowski, T. M., & Boirum, R. N. (1989). Foundations and Excavations for High-Rise
Structures in Downtown Seattle. Engineering Geology in Washington, Volume II. Ed.
William T. Laprade and William D. Evans, Jr. Olympia, WA: Washington Dept. of Natural
Resources Division of Geology and Earth Resources. p. 651-665. Print.

Haugerud, R.A. (2004). Cascadia - Physiography, U.S. Geological Survey Geological
Investigation Series [-2689, scale: 1:2,000,000. Web. Accessed May 2015. http://pubs.
usgs.gov/imap/i2689

Johnson, S. Y., Blakely, R. ]., Stephenson, W. J., Dadisman, S. V., & Fisher, M. A. (2004). Active
shortening of the Cascadia forearc and implications for seismic hazards of the Puget
Lowland. Tectonics, 23(1).

Johnson, S. Y., Dadisman, S. V., Childs, J. R., & Stanley, W. D. (1999). Active tectonics of the
Seattle fault and central Puget Sound, Washington—Implications for earthquake
hazards. Geological Society of America Bulletin, 111(7), 1042-1053.

Johnson, S. Y., Potter, C. J., Miller, J. ]., Armentrout, J. M., Finn, C.,, & Weaver, C. S. (1996). The
southern Whidbey Island fault: an active structure in the Puget Lowland,
Washington. Geological Society of America Bulletin, 108(3), 334-354.

King County. Dept. of Natural Resources. Wastewater Treatment Division. “CSI Geotechnical
Data Report, Brightwater Project Conveyance System.” King County, May 2002. PDF.

King County. Dept. of Natural Resources. Wastewater Treatment Division. “Predesign
Geotechnical Data Report, Conveyance System.” King County, February 2004. PDF.

Koloski, J. W., Schwarz, S. D., & Tubbs, D. W. (1989). Geotechnical properties of geologic
materials. Washington Division of Geology and Earth Resources Bulletin, 78.

Lamb, A. P, Liberty, L. M., Blakely, R. ], Pratt, T. L., Sherrod, B. L., & van Wijk, K. (2012).
Western limits of the Seattle fault zone and its interaction with the Olympic Peninsula,

Washington. Geosphere, 8(4), 915-930.
Pivaroff-Ward p. 24 ESS 601



Laprade, W. T., and Robinson, R. A. (1989). Foundation and Excavation Conditions in
Washington. Engineering Geology in Washington, Volume I. Ed. Richard W. Galster.
Olympia, WA: Washington Dept. of Natural Resources Division of Geology and Earth
Resources. p. 19-26. Print.

Lasmanis, R. (1991). The geology of Washington. Rocks and Minerals, 66(4), 262-277.

Liberty, L. M., and Pape, K.M. (2006) Seismic characterization of the Seattle and southern
Whidbey Island fault zones in the Snoqualmie River Valley, Washington.

Miller, J. A. (1989). Landslide Stabilization in an Urban Setting, Fauntleroy District, Seattle,
Washington. Engineering Geology in Washington, Volume II. Ed. William T. Laprade and
William D. Evans, Jr. Olympia, WA: Washington Dept. of Natural Resources Division of
Geology and Earth Resources. p. 681-690. Print.

Moses, L. J. (2013). The Geology of Washington State. Olympia, WA. Washington State
Department of Natural Resources. PDF.

Moses, L. J. (2008). The Ross Point landslide: An instrumental record of landslide
reactivation. Reviews in Engineering Geology, 20, 167-181.

Mullineaux, D. R., Waldron, H. H., & Rubin, M. (1965). Stratigraphy and Chronology of Late
Interglacial Time in the Seattle Area, Washington. Geological Survey Bulletin, 1194-0.

Munch, J. H,, & Killey, R. W. (1985). Equipment and methodology for sampling and testing
cohesionless sediments. Groundwater Monitoring & Remediation, 5(1), 38-42.

Nedimovi¢, M. R, Hyndman, R. D., Ramachandran, K., & Spence, G. D. (2003). Reflection
signature of seismic and aseismic slip on the northern Cascadia subduction
interface. Nature, 424(6947), 416-420.

Nelson, A. R, Personius, S. F,, Sherrod, B. L., Kelsey, H. M., Johnson, S. Y., Bradley, L. A., & Wells,
R. E. (2014). Diverse rupture modes for surface-deforming upper plate earthquakes in
the southern Puget Lowland of Washington State. Geosphere, GES00967-1.

Nielsen, D. M. (Ed.). (2005). Practical handbook of environmental site characterization and

ground-water monitoring. CRC press.

Porter, S. C., & Swanson, T. W. (1998). Radiocarbon age constraints on rates of advance and
retreat of the Puget lobe of the Cordilleran ice sheet during the last
glaciation. Quaternary Research, 50(3), 205-213.

Pivaroff-Ward p. 25 ESS 601



Pratt, T. L., Johnson, S., Potter, C., Stephenson, W., & Finn, C. (1997). Seismic reflection images
beneath Puget Sound, western Washington state: The Puget Lowland thrust sheet
hypothesis. Journal of Geophysical Research: Solid Earth (1978-2012),102(B12), 27469-
27489.

Savage, W. Z., Morrissey, M. M., & Baum, R. L. (2000). Geotechnical properties for landslide-
prone Seattle; area glacial deposits (No. 2000-228). US Department of the Interior, US
Geological Survey: Open File Report 00-228, 2000.

Sherrod, B. L., Blakely, R. ., Weaver, C. S., Kelsey, H. M., Barnett, E., Liberty, L., Meagher, K. L.,
& Pape, K. (2008). Finding concealed active faults: Extending the southern Whidbey

Island fault across the Puget Lowland, Washington. Journal of Geophysical Research:
Solid Earth (1978-2012), 113(B5).

Schuster, ]. Eric. Compiler. Geologic Map of Washington. Map. 1:2,252,800, Olympia, WA:
Washington State Department of Natural Resources, 2013. Web.

Thorson, R. M. (1979). Ice-sheet glaciation of the Puget Lowland, Washington, during the
Vashon Stade (late Pleistocene). Quaternary Research, 13(3), 303-321.

Troost, K. G. (2006). Spatial predictability of Quaternary deposits in the central Puget
Lowland. Proceedings, SAGEEP Conference, April 2006, Seattle, WA. p 260-273.

Troost, K. G, and Booth, D. B. (2008). Geology of Seattle and the Seattle area, Washington.
Landslides and Engineering Geology of the Seattle, Washington Area: Geological Society
of America Reviews in Engineering Geology. Ed. Baum, R. L., Godt, ]. W., and Highland, L.
M. Boulder, CO: The Geological Society of America, Inc., 20, p. 1-36.

Troost, K.G., Booth, D.B., Wisher, A.P., and Shimel, S.A. (2005). The geologic map of Seattle -
a progress report: U.S. Geological Survey Open-File Report, 2005-1252, scale 1:24,000.
http://pubs.usgs.gov/of/2005/1252/

Tubbs, D. W. (1974) Landslides in Seattle. Washington Division of Geology and Earth
Resources Information Circular, 52 (1974): 15.

Tubbs, D. W. (1975). Causes, mechanisms and prediction of landsliding in Seattle (Doctoral
dissertation, University of Washington).

U.S. Geological Survey (USGS). “Edmonds East 7.5’ Quad.” 10-meter Digital Elevation Model.
U.S. Geological Survey: WA-DNR Number 1022 (2001). Accessed Feb. 2015.
http://gis.ess.washington.edu/data/raster/tenmeter/byquad/seattle/index.html.

Pivaroff-Ward p. 26 ESS 601



Washington State. Dept. of Natural Resources. Washington Division of Geology and Earth
Resources. Earthquakes in Washington. Geologic Hazards and Mapping. WA-DNR, 2015.
Web. Feb. 2015. Accessed at https://fortress.wa.gov/dnr/geology/?Theme=subsurf

Washington State. Dept. of Natural Resources. Washington Division of Geology and Earth
Resources. (2015). Subsurface Geology Information System. Washington State Geologic
Information Protal. T. ]. Walsh, W. ]. Gerstel, P. T. Pringle, and S. P. Palmer. Preparers.
WA-DNR, 2015. Web. Feb. 2015.

Wells, R. E., Weaver, C. S., & Blakely, R. J. (1998). Fore-arc migration in Cascadia and its
neotectonic significance. Geology, 26(8), 759-762.

Zhou, Y. (2006, Dec). Soils and Foundations: Reference Manual - Volume I. U.S. Department of
Transportation, Federal Highway Administration. Publication No. FHWA NHI-06-088.

Pivaroff-Ward p. 27 ESS 601
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Figure 1, Vicinity Map. Transect lines are shown in red and significant borings are represented by a yellow cross in a circle. Borings prefixed with MW- were
completed by HWA Geosciences for the Brightwater Project in 2002, with a BW- by Shannon & Wilson for the Brightwater Project in 2002, with an E- by CDM

Smith for the Brightwater Project in 2003, and with an LLE-B by GeoEngineers for the Sound Transit-LLE Project in 2014. Lake Ballinger is located near the
center of the study area. Interstate-5 is located at the eastern edge of the study area, along Transect 5.
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Figure 2, Regional Map. The study area is outlined in red. Highly populated cities are shown in green. The
extent of the Puget Lobe of the Cordilleran Ice Sheet is indicated by the dark red, dashed line. Quaternary fault
traces and lineaments are labeled and shown as gray lines. Notice the proximity of the Southern Whidbey
Island Fault Zone (SWIF) to the study area. Other abbreviations listed on the map are: CS - Chimacum spillway,
DMF - Devils Mountain fault zone, HCFZ - Hood Canal Fault Zone, LCBC - Lake Creek-Boundary Creek fault,
RP - Restoration Point, SFZ - Seattle fault zone, SMF - Saddle Mountain fault, SPF - Strawberry Point fault,
TFZ - Tacoma fault zone, and UPF - Utsalady Point fault. (Image modified from Troost and Booth, 2008)
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Figure 4, Cross-Section 1. Transect 1 is approximately 3.1 mi in length, and includes borings MW-3, BW-4, BW-5, and BW-6. The Qva thins to the east, where there appears
to be a paleotopographic ridge composed of pre-Olympia glacial deposits.
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Figure 5, Cross-Section 2. Transect 2 is approximately 2.56 mi in length, and includes borings E-105, MW-4, E-106, E-107, E-108, MW-5, E-109, E-110, MW-6, and E-211.
The Qva pinches out against a ridge composed of pre-Fraser interglacial deposits. There is significant evidence for soil disturbance along this transect, including slickensides,

brecciated textures, shear zones, mass wasting deposits, and fractures. It is unclear whether this ridge is a paleotopographic feature, or whether it was formed from active
tectonics. Further research should be done to determine the nature of this ridge.
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Figure 6, Cross-Section 3. Transect 3 is approximately 0.88 mi in length, and includes borings MW-3 and MW-4.
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Figure 7, Cross-Section 4. Transect 4 is approximately 1.1 mi in length, and includes borings BW-4 and MW-5.
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Figure 8, Cross-Section 5. Transect 5 is approximately 1.20 mi in length, and includes borings BW-5, LLE-B19, LLE-B17, LLE-B11, LLE-B09, LLE-B08, and LLE-B06. The
apparent bend at boring LLE-B11P may represent a fold.



Figure 94, Block Diagram. This block diagram was produced using EnterVol and the geologic contacts database (Table 2) that I constructed using borehole data. The
units on the y- and x- axes are northing and easting, respectively. The unit on the z-axis is elevation (ft). The geologic units shown are: pre-Olympia glacial (Qpg) in blue,

pre-Fraser interglacial (Qpn) in pink, Lawton clay (Qvic) in teal, Vashon advance outwash (Qva) in yellow, Vashon till (Qvt) in green, and recessional outwash (Qvr) in
orange. This view shows Transect 2 paralleling the x-axis, and Transect 3 paralleling the y-axis.



Figure 9B, Block Diagram with Vicinity Map Overlay. This block diagram was produced using EnterVol and the geologic contacts database (Table 2) that I
constructed using borehole data. The units on the y- and x- axes are northing and easting, respectively. The unit on the z-axis is elevation (ft). The geologic units shown
are: pre-Olympia glacial (Qpg) in blue, pre-Fraser interglacial (Qpn) in pink, Lawton clay (Qvic) in teal, Vashon advance outwash (Qva) in yellow, Vashon till (Qvt) in
green, and recessional outwash (Qvr) in orange. This view shows Transect 2 paralleling the x-axis, and Transect 3 paralleling the y-axis. Lake Ballinger is located near

the center of the map, with Interstate-5 located east of the lake.



Figure 10, Fence Diagram. This fence diagram was produced using EnterVol and the geologic contacts database (Table 2) that I constructed from borehole data. The units
on the y- and x- axes are northing and easting, respectively. The unit on the z-axis is elevation (ft). The geologic units shown are: pre-Olympia glacial (Qpg) in blue, pre-Fraser
interglacial (Qpn) in pink, Lawton clay (Qvic) in teal, Vashon advance outwash (Qva) in yellow, Vashon till (Qvt) in green, and recessional outwash (Qvr) in orange. The black

bars show the location and depth of each of the boreholes used in this study. This view shows Transect 1 as the northern-most cross-section, Transect 2 paralleling the x-axis,
Transect 3 paralleling the y-axis, Transect 4 in the center, and Transect 5 on the far right.



Figure 11A, Qva with Fence Diagram (From Above). This diagram was produced using EnterVol and the geologic contacts database (Table 2) that I constructed from
borehole data. The units on the y- and x- axes are northing and easting, respectively. The unit on the z-axis is elevation (ft). The geologic units shown are: pre-Olympia
glacial (Qpg) in blue, Vashon advance outwash (Qva) in yellow, Vashon till (Qvt) in green, and recessional outwash (Qvr) in orange. The black bars show the location and
depth of each of the boreholes used in this study. This view shows Transect 1 as the northern-most cross-section, Transect 2 paralleling the x-axis, Transect 3 paralleling
the y-axis, Transect 4 in the center, and Transect 5 on the far right. This view helps illustrate the extent of the Qva in relation to the Qvr and Qvt.



Figure 11B, Qva with Fence Diagram (From Below). This diagram was produced using EnterVol and the geologic contacts database (Table 2) that I constructed from
borehole data. The units on the y- and x- axes are northing and easting, respectively. The unit on the z-axis is elevation (ft). The geologic units shown are: pre-Olympia
glacial (Qpg) in blue, pre-Fraser interglacial (Qpn) in pink, Lawton clay (Qvlc) in teal, and Vashon advance outwash (Qva) in yellow. The black bars show the location and
depth of each of the boreholes used in this study. This view shows Transect 1 as the northern-most cross-section, Transect 2 paralleling the x-axis, Transect 3 paralleling the
y-axis, Transect 4 in the center, and Transect 5 on the far right. This view helps illustrate the extent of the Qva in relation to the Qvlc, Qpn, and Qpg.
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Figure 12, Isopach Map of Qva Thickness. The thickness of the Qva is mapped using 25 ft contours, which are based on the model produced in EnterVol. The Qva is
thickest in the western corner of the study area, and thins to southeast. There is a steep gradient intersecting Transect 2, between Transects 3 and 4; at this location, there
is a thick deposit of Qvr. The Qva is thickest where modern topography is high. The circular contours on the isopach map may indicate topographic highs and lows;
however, they could also be artifacts of the model, which would indicate that the EnterVol did not accurately depict the thickness of the Qva.
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Figure 13, Density vs. Fines Content. These figures show the relative density of select
soil samples as a function of fines content in the soil. Only samples collected using mud
rotary drilling methods, which provide the most reliable density data in water-bearing
sands, are shown in the top figure. Samples collected using mud rotary, Becker hammer,
and hollow stem auger drilling methods are shown in the lower figure. For both of these
figures, I used a linear regression line to show the trend in these datasets.
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Figure 14, Elevation vs. Density. These figures show the relative density of select soil
samples as a function of elevation (NAVD88 datum). Only samples collected using mud
rotary drilling methods, which provide the most reliable density data in water-bearing
sands, are shown in the top figure. Samples collected using mud rotary, Becker hammer,
and hollow stem auger drilling methods are shown in the lower figure.



Depth vs Density
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Figure 15, Depth vs. Density. These figures show the relative density of select soil
samples as a function of depth from the surface of the ground. Only samples collected
using mud rotary drilling methods, which provide the most reliable density data in
water-bearing sands, are shown in the top figure. Samples collected using mud rotary,
Becker hammer, and hollow stem auger drilling methods are shown in the lower figure.
For both of these figures, I used an exponential regression curve to show the trend in
these datasets.



Summary of Soil Groups within the Qva
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Figure 16A, Summary of Soil Classifications within the Qva. This chart summarizes the percentages of the soil groups found within the Qva, as
recorded in the geotechnical boring logs. Gravel comprises about 9.5% of the total volume of the Qva, sand about 89.3%, and silt/clay about 1.2%. The
abbreviations are as listed: well-graded gravel (GW), poorly-graded gravel (GP), poorly-graded gravel with silt (GP-GM), silty gravel (GM), well-graded sand (SW), well-
graded sand with silt (SW-SM), poorly-graded sand (SP), poorly-graded sand with silt (SP-SM), silty sand (SM), lean silt (ML), and lean clay (CL).



Volumetric Analysis of
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Figure 16B, Summary of Soil Classifications within the Qva. This chart summarizes the percentages of the soil groups found within the Qva, as found in each borehole.
Gravel comprises about 9.5% of the total volume of the Qva, sand about 89.3%, and silt/clay about 1.2%. The abbreviations are as listed: well-graded gravel (GW), poorly-graded
gravel (GP), poorly-graded gravel with silt (GP-GM), silty gravel (GM), well-graded sand (SW), well-graded sand with silt (SW-SM), poorly-graded sand (SP), poorly-graded sand with silt (SP-SM),
silty sand (SM), lean silt (ML), and lean clay (CL).
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Elevation vs Fines Content
450
400
350
300

250

200

Elevation (ft)

150
100

50

0.0 5.0 10.0 15.0 20.0 25.0 30.0 35.0 40.0

Fines Content (%)

Figure 17, Depth and Elevation vs. Fines Content. These figures show the relationship
between depth and fines content (top), and elevation and fines content (bottom), in
select samples from within the Qva.
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Figure 18, Depth and Elevation vs. Moisture Content. These figures show the
relationship between depth and moisture content (top), and elevation and moisture
content (bottom), in select samples from within the Qva. In the top chart, I used an
exponential regression curve to show the relationship between depth and moisture
content. In the bottom chart, I used an order-two polynomial line to show the trend.
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Figure 19, Fines Content vs Moisture Content. This figure shows the relationship
between fines content and moisture content in select samples from within the Qva. This

chart is best viewed on a log-log scale. I used a logarithmic trend line to show the subtle
relationship between fines content and moisture content.
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Figure 20, Groundwater Observations at Boring LLE-B11P. Groundwater observations were recorded using a pressure transducer at a well that was installed at boring
LLE-B11P. The well is positioned in the advance outwash, and the top of the screen is 10 ft bgs. The surface elevation is 362.49 ft at this location. The chart shows that the
peak groundwater elevation at this location was recorded at 356.47 ft on February 08, 2015, and the minimum groundwater elevation was recorded at 354.74 ft on September
23, 2014. The groundwater elevation appears to increase following large precipitation events. (Image from GeoEngineers, 2015).
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Table 1, Summary of Geotechnical Borings. This table is a summary of the existing geotechnical borings that were used in this study.

Boring ID Su::f;;g:;; .';tt;nn II:E;::[E{ES Drilling Method Thi clg::iss () Contractor, Project (Year)

BwW-4 368.0 366.4 Mud Rota 191.0

BW-5 400.0 391.2 MudRamg 68.0 B

Brightwater Project (2002}

BW-6 450.0 430.5 Mud Rotary 42.0

E-105 452.7 535.0 Rotosonic Coring 242.0

E-106 485.6 566.0 Wireline 238.0

E-107 453.2 548.0 Wireline/Mud Rota 235.0

E-108 356.8 346.0 Wireline{:aring - 23.0 CDM Smith and Subconsultants
— - Brightwater Project (2003)

E-109 298.7 260.0 Wireline Coring 0.0

E-110 3454 438.0 Wireline Coring 33.0

E-211 317.1 280.0 Wireline Coring 21.0

LLE-BO6 329.0 80.4 Mud Rotary --

LLE-B0O8 317.0 81.5 Hollow Stem Auger 25.0

LLE-B09 331.0 81.5 Hollow Stem Auger 525

LLE-B10S 354.0 81.5 Mud Rotary

LLE-B11P 362.5 81.5 Mud Rotary 46.0

LLE-B1Z 394.0 81.0 Hollow Stem Auger .

LLE-B13 395.0 81.5 Hollow Stem Auger s::ufﬁ"f;ilieeiﬁhgn 5

LLE-BE14 398.0 41.0 Hollow Stem Auger

LLE-B15 400.0 41.5 Hollow Stem Auger

LLE-B17 484.0 101.5 Hollow Stem Auger 70.0

LLE-B185 390.0 61.0 Hollgwr Stem Auger --

LLE-B19 392.0 101.5 Hollow Stem Auger 68.5

LLE-B20 432.0 41.5 Hollgwr Stem Auger --

MW-3 331.0 369.0 Beclcer Hammer 133.0

MW-4 387.0 446.5 Becker Hammer 178.0 HWA Geosciences,

MW-5 305.0 352.0 Becker Hammer 61.0 Brightwater Project (2002)

MW-6 314.0 360.5 Becker Hammer 32.0




Table 2, Geologic Contacts Database. This table shows the location of each boring, and the elevation of the bottom of each geologic unit with respect to each
boring. I terminated this study at an elevation of 100 ft, although not all borings reached this depth. Blank spaces in the table indicate the absence of a geologic
unit within a boring. Notice the anomalous nature of boring E-109, which does not contain any deposits from the Vashon Stade, but instead shows that Qpn is
observed in the first 71 ft of the boring.

) Surface Bottom
Bn[;;ng Northing | Easting | Elevation | OQvr Qwt Qva Qvic [ Qpz 1 | Qpn_1 (Qpnmw| Qpn_2 | Qpg_2 | Elevation

(ft) (ft)
BEW-4 292702.53|1270571.18 368 177 136 100 100
BEW-5 292558.92|1275711.57 400 331 100 100
BW-6 292325.00|1280284.89 450 407 366 164 100 100
E-105 287350.73|1264077.49 453 438 196 193 100 100
E-106 287281.71|1266085.31 486 445 207 100 100
E-107 287286.32|1268070.00 454 214 100 100
E-108 287250.64|1270073.56 357 247 224 141 116 101 100 100
E-109 287168.00(1272288.00 299 228 100 100
E-110 286963.17|1274157.64 349 297 272 213 100 100
E-211 286326.37|1277098.94 317 295 274 253 164 100 100
LLE-B08 |287645.34|1275729.20 317 279 254 236 236
LLE-B09 |288336.35|1275804.25 331 318 308 256 250 250
LLE-B11P|289308.55|1276263.13 363 310 281 281
LLE-B17 |290943.92|1275989.00 484 406 382 382
LLE-B19 |291584.06|1275750.55 392 320 291 291
MW-3 292217.63|1264080.88 331 198 194 181 129 100 100
MW-4 287602.69|1264800.59 387 201 197 100 100
MW-5 287165.87 (127142447 305 242 201 100 100
MW-6 287239.93|1276263.15 314 295 252 260 181 100 100




Table 3, Summary of the soil groups found within the Qva in each boring. The abbreviations are as follows: well-graded gravel (GW), poorly-graded
gravel (GP), poorly-graded gravel with silt (GP-GM), silty gravel (GM), well-graded sand (SW), well-graded sand with silt (SW-SM), poorly-graded sand (SP),
poorly-graded sand with silt (SP-SM), silty sand (SM), lean silt (ML), and lean clay (CL).

BoringIp | QvaMeasured| oo, GP | GP-GM | GM SW | SW-SM SP SP-SM SM ML cL
in Boring (ft)
BW-4 191.0 - - - - - - - 105.0 70.0 16.0 -
BW-5 68.0 - - - - - - - 68.0 - - -
BW-6 42,0 - - 19,0 — — - - - 23.0 - —
E-105 242,0 5.0 - - 2.5 0.0 - 174.0 105 10.0 - -
E-106 238.0 20.0 - - - - 31.0 120.0 58.0 - - -
E-107 235.0 1035 | 400 - - - - 185 73.0 - - -
E-108 23.0 - - - - — - 23.0 - - - -
E-109 0.0 - - - - - - - - - - -
E-110 33.0 - - - - - - 33.0 - - - -
E-211 21.0 - - - - - - 21.0 - - - -
LLE-BOG 325 - - - - - - - 20.0 12.5 - -
LLE-BOS 25.0 - - - - - - 5.0 - 20.0 - -
LLE-B0Q 525 - - - - - - 10.0 15.0 275 - -
LLE-B10S 485 - - - - - - - 5.0 38.5 - 5.0
LLE-B11P 46,0 - - - - — - - 31.0 15.0 - -
LLE-B12 58.0 - - - - - - 5.0 38.0 15.0 - -
LLE-B13 585 - - - - - - 5.0 0.0 135 - -
LLE-B14 35.0 - - - - - - 3.0 32.0 - - -
LLE-B15 40,0 - - - - — 15.0 8.5 16.5 - - -
LLE-B17 70.0 - - - - - 5.0 10.0 50.0 3.5 - 15
LLE-B18 56.5 - - - - - - - 56.5 - - -
LLE-B10 68.5 - - - - - 5.0 - 585 5.0 - -
LLE-B20 6.0 - - - — — - - 2.5 3.5 - —
MW-3 133.0 - - - - - - 69.5 63.5 - - -
MW-4 178.0 - - - - 34.0 - 127.0 6.0 11.0 - -
MW-5 61.0 - - - - - - 50,0 - - 2.0 -
MW-6 32.0 - - - - - - - 32.0 - - -
Total Feet:|  2094.0 1375 | 40.0 | 19.0 2.5 740 | 560 | 6915 | 781.0 | 268.0 | 180 6.5
Percent Total:|  100.0% 6.6%| 1.9%| 09%| 0.1%| 35%| 27%| 33.0%) 373w 12.8% 0.9% 03%




Table 4, Comparative Results. This table summarizes the findings from this study, and compares them to published sources.

Parameter Findi F
with Respect m |.ngs rom Published Data (Source) Notes
This Study
to Qva
Elevation Range . q
477-247 ft  [400-600 ft (Troost and Booth, 2008) General glacial stratigraphy
{Qva Surface)
=100 ft (Mullineausx, 1965); General glacial stratigraphy;
Unit Thickness 0-2421t 50-200 ft (Golder Associates, 2008); As observed in the Mountlake Terrace area;
0-400 ft (Troost and Booth, 2008) General glacial stratigraphy
. . dense to . q
Relative Density very dense dense to very dense (Galster and Laprade, 1991) General glacial stratigraphy
i 30-40° (Koloski, et al, 1989); General glacial outwash properties;
Friction Angl N/A
ricaon Angle / About 327 (Miller, 1989) General glacial outwash properties
Cohesion N/A 0-1000 psf (Kolosld, et al , 1989) General glacial outwash properties
. 115-130 pef (Koloski, et al , 1989); General glacial outwash properties;
Dry D N/A
ry Density / 110 pef (Miller, 1989) General Qva properties
Wet Density N/A 120 pef (Miller, 1989) General Qva properties
Relatm.a ] MN/A Low-Medium (Koloski, et al, 1989) General glacial outwash properties
Erodability
Excavation N/A Low-Medium (Koloski, et al, 1989); General glacial outwash properties;
Difficulty Easy (Laprade and Robinson, 1989) General glacial outwash properties
I'-'ID[S.tl:l r? N/A Low-Medium (Koloski, ef al, 1989) General glacial outwash properties
Sensitivity
gss;:jtm“ N/A 1500-3000 psf (Koloski, et al, 1989) General glacial outwash properties
Cut Slopes N/A 50-70% (Koloski, et al, 1989) General glacial outwash properties
Aquifer Depth  |7.59-221.3 ft bgs|20-70 ft bes (King County, 2002) General depth to saturated soils along
Brightwater alignment
Sat.urated 0-102.13ft  |10-100 ft (Golder Associates, 2008) Aquifer fhlckness in the Mountlake Terrace
Thickness area during a 2008 study
Mean Hydraulic 15.93 ft/da 40 ft/d (Golder Associates, 2008) Asmeasured in the Mountlake Terrace area;
Conductivity ' - 0.33-328 ft/d (Galster and Laprade, 1991) General Qva properties
Groundwater N/A 15-20 in/yr where Qva exposed and <10 in/yr where Qva [Recharge rate in the Mountlake Terrace
Recharge Rate / is capped by till or pavement (Golder Associates, 2008) area during a 2008 study
0.01-10 ft/min (Koloski, et al, 1989 . .
Permeability N/A /min (Koloski, et a ) General glacial outwash properties

0.0001-0.2 ft/min (Laprade and Robinson, 1989)
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Appendix A

Summary of Hydraulic Conductivity Data for Glacial Sediments and
Conceptual Hydrogeologic Model (Adapted from Golder Associates, 2008)
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Appendix A, Summary of Hydraulic Conductivity Data for Glacial Sediments
and Conceptual Hydrogeologic Model. (From Golder Associates, 2008)

Summary of Hydraulic Conductivity Data for Glacial Sediments

Hyvdraulic Conductivity (ft/d)
Aquifer Unit Minimum Median Maximum
Alluvinum 36 88 3,200
Recessional Outwash 0.08 180 1,800
Advance Outwash 0.18 40 2.800
Pre-Vashon Aquifers 022 31 1,800
Conceptual Hydrogeologic Model
Median
Saturated Hydraulic
Thickness Groundwarter Groundwater Conductvity
Geologic Unit Hydrostratigraphic Unit (feet) Recharge (in/y1) Discharge (ft/d) Potential for Infiltration
Alluvium Alluvia and Recessional 0-4002) 20-24 To Strcam_:. and Lake 130 Low - Limited un_.sammtcd thickness and
Recessional Outwash Outwash Aquifer Ballinger good connection to surface water
Vashon Till Aquitard na 10 where exposed on na 53 Low - Low Permeability
surface
) 15-20 where ex Good where exposed at ground surface and
Advance Outwash Aquifer 10-100 at surface. <10 2?1::: To Streams and to 40 sufficent unsaenxﬂated thifl::ness exists. Low
under till Pre-Vashon Aquifers where present under till unless till removed.
Lawton Clay Aquitard na na na 7 Low - Low Permeability
Pre-Vashon Aquifers and Aquitards Variable <10 Puget Sound 31 Low - deep. water supply aquifer
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Project: CSI Brightwater

Project Location: King and Snohomish Counties

Log of Boring MW- 3

HWA

Contract Number: E83004E Sheet 1 of 7
Date(s) Geotechnical : Logged Checked
Drilled. 1/3102 - 1/7/02 Consultant HWA GeoSciences Inc. By BKH, BWT By MLR/SEG
Drilling Method/ Rig Type  Becker Hammer/ Truck 8222139010, Layne Christensen Company I?g;gﬁgfg 369.0 feet
Sonine Dual Wall Reverse Circ. Hammer Weight/Drop (Ibs/in.) 300#, 30" Ground Surface 331 feet / NAVDSS
Location = On Edmonds Way. Coordinates N. 47.79084 W. 122.36443 Elevation Source  Plan
SAMPLES
g- E 32. _CS” Do R
® £ s 1 2 | o MATERIAL DESCRIPTION s # | 22| REMARKS AND
3% 38lo 21 2 AEAR S5 |2 |28| OTHERTESTS
we o2 5| 8z (88| 35 | 2 |25
- - Z|le|a|{> go | S |=0
330 | Brown, silty, fine to coarse gravelly, slightly silty finé |
7 to medium SAND, moist. §
b F (WEATHERED GLACIAL FLUVIAL, Qva) —% %
: Medium dense to very dense, yellowish brown to _% \é
@ S-1 10 _isﬁ - " olive gray, slightly silty, fine to coarse gravelly, M 1102
10 . — SAND, moist. =
-320 1 8) L 1
e L (GLACIAL FLUVIAL, Qva) _%
i I -‘% %
15— — —% %
] 9-9-17 ] '4 % M {133
208 52 %8s - . §
-310 . L 1 Q
] 4-13-14 " B §' M | 94
30 S-3 @n - ] é o .
-300 1 — % %
i 9-23- i i
40 B s4 (50) 7 - _% % M |58
290 4 i % %
45-] L —% %
50_@ 5-7-4 \ \ M | 47

HWAGEOSCIENCES INC.

Fiqure: A4.1
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Project: CSl Brightwater

Project Location: King and Snohomish Counties

Log of Boring MW- 3

Contract Number: E83004E Sheet 2 of 7
SAMPLES
s £ &8 5o <
E‘ = s | 2 =g ” MATERIAL DESCRIPTION gg jg g REMARKS AND
® 06 2| ¢ 3| & ] - OTHER TESTS
w8 8818 £l 25 |5 |88 §2 |5 |2¢ =
5ol Z aZ | {0 | D an [ J |S0
[ml S 11
| 280 =l s-5 an 100 i _> %
55—+ — —% %
co- 1 s [°{8;2% 100 B _% %sng 39
—270 4 L i
65— L _% %
W 57 |7-12-38| 100 I i 4 M [19.9
70_ﬂ (48) SP Dense, grayish brown, gravelly, fine to coarse SAND,
—260 1 " wet. '%
i . : - . . % % M [112
-@ S-8 sp- [ Dense, brown, slightly silty to clean, slightly gravelly, -
- SM + SAND, wet. Sand is fine to medium. Gravels are N
80— - fine to coarse. _
—250 - o8 W% %
] [ ] M [213
“ﬂ 59 r % % SA
90— - —
—240 E - —% %
_@ 510 I Q % M [258
230 B L _% &
105 I~ _§ %
b 3 1
1 I ENEIN

HWA]

HWAGEOSCIENCES INC,

Figure: A4.2




Project: CSI Brightwater Log of Boring MW- 3
Project Location: King and Snohomish Counties

{ Ver.1.1 Jan02RWSP-RWSP.GLB-RWSP.GDT} HAGINTWAPROJECTS\9915349K.GPJ  5/1/02

Contract Number: E83004E Sheet 3 of 7
SAMPLES
g- £ R o Yo £
.0 . S 80
5 5 512 |5 MATERIAL DESCRIPTION 95 | 4 |@z| REMARKSAND
2% g8le 2| ¢ 21513 S5 |2 |28] OTHERTESTS
we oele E| 3=(8| 95| @ 5E | = | 2%
E Z| B€ || O |D am | 8 |=0
110-] L ] §
220 4 I % %
18] s > %
120+ | i _% §
—210 1] L % g g}l\ 27.8
125_\‘} S§-11 L _g %
130 = ~—% %
—200 g L i
i Dense, brown-gray, fine to medium SAND with %
135 [ lenses of gray CLAY, wet. 1
1 - (GLACIOLACUSTRINE, Qvic) B
: | Dense, brown, slightly silty, slightly gravelly, SAND,
wet. Sand is fine to medium. Gravel is fine to
1 40__ -_ coarse. _— % Vibrating/¥¥irsoBiezpametat 7
190 - L (GLACIAL FLUVIAL, Qpgf) % %
] i ] M |312
145 S-12 H ]
: | Dense, brown-gray, fine to medium SAND with i %
| lenses of gray CLAY, wet. % §'
150 1 {GLACIOLACUSTRINE, Qpql) e é M {295
180 . | “Dense, gray, slightly silty, fine to medium SAND; | 9.
i .. wet. Wood fragments noted. i
i i (NONGLACIAL FLUVIAL, Qpnf) '% %
155 S12 N Q% %
160+ - — &
170 . L -% §
165— - —% %

WA
HWAS
HWAGEOSCIENCES INC.

Figure: A-4.3
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Project: CSI Brightwater

Project Location: King and Snohomish Counties

Log of Boring MW- 3

HWAS

Contract Number: E83004E Sheet 4 of 7
SAMPLES
c £ R | 8 -
2 . © -1 = 20 « R
w £ 51 < e1e MATERIAL DESCRIPTION EE R REMARKS AND
3% 8Blo 2| ¢ 2| 5|8 | gE| 2 |228| OTHERTESTS
we olije 5| 318 9%|a 25 | 2|25
ezl o2 |e|6 |3 oo | 89138
- | —% %
—160 170_j_ sp- | Dense, gray, slightly silty, fine SAND, wet. ] § M |33.2
i SM | _§ §
1751 s-14 B _% %
180 —~— L _% %
-150 . L -% § sr:,}‘ 39.1
i _ Dense, gray, slightly silty, fine SAND, wet with lenses
18504 $-15 SS% [~ of gray, clay. Wood chunks noted. ig %
i SP- Dense, gray, slightly silty fine SAND, wet. Wood i %
) sM | fragments noted. _% &
190+ L N Q
140 5 - -%
195 - _§ %
200 — -
—130 E L B
: CL- | Hard, gray, silty CLAY, wet. _% % M | 375
T 2, ML L (GLACIOLACUSTRINE, Qpgl) .
205" s-16 / - -
: cL | Hard, dark gray, CLAY, moist. _% %
8-14-23 77 M 231
317 100
21D—E| @7 % CL- | Hard gray, SILT and CLAY, moist. Several thif j ‘é iﬁ
120 : / ML : interbedded fine SAND lenses. _% % HA
215 % N -% §
i 12;12- i % % M |203
S-18 20 100 - - -
220 32) SA
-110 . - ] HA
u / L _% %
. L |
225 N

HWAGEOSCIENCES INC

Fiqure: A-4.4
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Project: CSl Brightwater

Project Location: King and Snohomish Counties

Log of Boring MW- 3

Contract Number: E83004E Sheet 5 of 7
SAMPLES
- : o
c —
s . p £1a Be |, | ®
T £ 5 < &1 MATERIAL DESCRIPTION g 5| @ |2y REMARKS AND
3% 8%|e 2| 2 2| 518 Sg | = |$8| OTHERTESTS
w2 oS S 8218|1513 25 | & (8§
2 Zz| @€ |e|6 | D aw | 3 |20
225
4 / L T% &
9-18-24 L i
S-19a 100
230-msqoni “2 | 400 - —% % M2
100 1 S8-19¢ 100 L —& SA | 27.
4 DD
i Dense, gray, slightly silty, fine SAND, wet. Heaving. \é M
| Interbedded thin silt/clay lenses. iﬁ
235 . (GLACIAL FLUVIAL, Qpgf) —% % bD
90 240__ Dense to hard, interbedded, gray, CLAY, moist and
- ) " silty SAND, wet.
- L (GLACIOLACUSTRINE, Qpgl) - .
245 - S
J L 4
i | Dense, gray, slightly silty, fine to medium SAND, wef. _:'-
. 250 = (GLACIAL FLUVIAL, Qpgf) 3
80 4 L 40
| Hard, dark gray, CLAY, moist. Occasional thin light LM 1292 .
gray, silty sand lenses, moist. T [ Eiﬁ Standpipe Piezometer
L (GLACIOLACUSTRINE, Qpgl) 4072002 257 811G
i T T730/2002 257991
5.8-15 - i ‘M | 401
@3 | 100 = —% SA
70 - - -% AL
265 / — -—%
4 6.12. L 4
2704E| s22 |- (2523 100 B _% M (308
l-60 4 - . AL
4 / 2 . HA
275— / - _%
IC 6-10-13 G % M |263
§-23 [6-10- 100 CL | Very stiff, dark gray, silty CLAY, moist. Visible thin _| .
| 5o 280 @3 light gray banding. iﬁ

HWA

HWAGEOSCIENCES INC.

Fiqure: A4.5
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Project: CSI Brightwater
Project Location: King and Snohomish Counties

Log of Boring MW- 3

Contract Number: E83004E Sheet 6 of 7
SAMPLES
c c 2 .
S . © 12 go | 45| ®
G £ 51 = = e MATERIAL DESCRIPTION 2 5% |eg REMARKS AND
3% §8le 2| ¢ 2 (6|8 s5 | = [§8| OTHERTESTS
e o2 5| o (8| 8@ o5 | 2 /S5
~ Z| mZ€ | |0 |3 gw | S {30
285 / = —
6-9-12 M |27.7
B s.24 @ 2| 100 L o
8-11-14 i M |24.9
290-W s-25 (25 | 100 | - M
40 . - . 4 AL
4 L J HA
295155 065 |8-18-36 I Very dense, dark gray, slightly silty to silty, fine to 186
Jmlsoep| 64 | medium SAND, wet. Heaving. 188
4|  S-26¢ | X
] I (GLACIAL FLUVIAL, Qpgf) %2
i L From 298 to 299, SILT present.
4-15-37 22.8
300—{g| 527 | (52 -
| 30 L
305 -
g | 0-0-0 25.8
S-28 © I
5.11-15 I 21.6
S5-29 .
20 310 (28) Medium dense, dark gray, slightly silty to clean, finé
B 7 I to medium SAND, wet. Heaving.
5-10-20 r
315 B S-30 (30) B 27.4
320 - 1
—10 . L i
325@ S-31 Medium dense, dark gray, clean, fine to coarsé ] M (279
] [ SAND, wet.
1 s-32 i ] M {238
T r T SA
330 - ]
_.o - L .
- L -4
335 | Hard, dark olive gray to gray CLAY with finesand | M {237
lenses, moist. M 208
" b SA | 222
{NONGLACIAL LACUSTRINE, Qpni) AL | 245
| Dense, gray, clean to slightly silty, fine to medium 4 Hh: ggg
| SAND, wet. 4 SA (259
10 340 - <{NONGLACIAL FLUVIAL, Qpnf) n shf\

WA

HWAGEOSCIENCES INC,

Figure: A-4.6
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Project: CSl Brightwater

Project Location: King and Snohomish Counties

Log of Boring MW- 3

Contract Number: E83004E Sheet 7 of 7
SAMPLES
- . o
5 ] £ ® |9 So| ,| ®
® £ 51 < Fnlll Y MATERIAL DESCRIPTION 9% | 5 9w REMARKS AND
a4 Qe el 0 2l w EE v | 535S
20 o®leo E £ ) a | O S - |52 OTHER TESTS
we o2|g 5| 8 |8 8@ 25 [ 8 |85
E Z| @€ |0 | D an | 8|20
i 1] i ] AL
b - E M
E - - M
W s37 i J M |262
i T SA
350 - ] |
—-20 | Hard, brown, SILT with chunks of compressed PEAT, |
wet.
455 s-38 - (OLDER PEAT, Qpnp) . s“f\ 312
§ L — AL
g-ggﬁ e L i HA | 304
S-39¢ M 1310
L E SA | 291
5-40 Medium dense, gray, clean to slightly silty, fine to ﬁk 253
[ medium SAND, wet. Occasional piece of M
360+ I~ decomposed woad. i SA
.30 4 L B M
4 L (NONGLACIAL FLUVIAL, Qpnf) i ?\::‘
1 i SA
365—-@ 541 -_ __ M | 324
] | Encountered large piece of wood that appears to be
] driftwood. 1
‘a S-42 F 4
370 - —
—-40 b - E
: | Bottom of boring at 369 feet. h :
2" piezometer installed from 295 to 315 feet.
7 - Vibrating wire piezometer installed at 250 feet. 7
375 - —
380 - —
—-50 E L i
385 - —
390 - .
—-60 E L 4
395 - -
400

HWAY

HWAGEOSCIENCES INC.

Figure: A4.7




4 n N
—_ : o
9 — =~
< w : o [ ad
51 8| % z & g & z
z b g N = 2% @ g 2 o
o8 E1E |k Z S|l & | 2| . | & &1 &
== o] n P — T 4 s = (& =
55 | Lo 3| Z2 | 2 STl BRI 8 | 4| 2 J|o w!| ol BB
o5 Y o u i E2 1 281 o | 9@ a 2 glul 2zt 24
o9 o w o 22| 95 w Z a Ele 2121 2] =0
ZE | 23 s | B & | 82| SEl&|=z| 23| 3|eia|E] ¢ &3
=) &z DEPTH (ft) S 2 a »E| 5Kl o | & 5 g [ 2| =2|{=| &| <0 SAMPLE CLASSIFICATION
MW- 3 S-1 9.0-10.5 10.2 SP-SM | yellowish-brown, poorly graded SAND with silt and gravel
MW- 3 S-2 19.0-20.5 13.3 SM yellowish-brown, silty SAND with gravel
MW- 3 83 29.0-30.5 9.4 1.1 1937 | 51 SP-SM | grayish-brown, poorly graded SAND with silt
MW-3 S4 39.0-40.5 5.8 SP grayish-brown, poorly graded SAND with gravel
MW-3 S-5 49.0-50.5 47 SP grayish-brown, poorly graded SAND
MW- 3 S-6 59.0 - 60.5 39 6.3 {89.0 | 4.7 SP grayish-brown, poorly graded SAND
MW- 3 S-7 69.0 - 70.5 19.9 SP dk. grayish-brown, poorly graded SAND
MW-3 S-8 77.0-79.0 1.2 SP-SM | dk. grayish-brown, poorly graded SAND with silt
MW- 3 S-9 87.0-89.0 213 8.3 186.7 1 51 SP-SM | olive-brown, poorly graded SAND with silt
MW- 3 S-10 97.0 - 99.0 25.8 SP-SM | dk. grayish-brown, poorly graded SAND with silt
MW- 3 S-11 120.0 - 129.0 278 7.6 18931 3.1 SP grayish-brown, poorly graded SAND
MW-3 S$-12 143.0 - 146.0 31.2 SP-SM | dk. grayish-brown, poorly graded SAND with silt
MW-3 S-13 150.0 - 159.0 29.5 SP-SM | gray, poorly graded SAND with silt
MW-3 S-14 170.0 - 180.0 33.2 SP-SM | gray, poorly graded SAND with silt
MW-3 S-15 180.0 - 190.0 39.1 0.1 | 7.7 |921 CL gray, lean CLAY
MW- 3 S-16 202.0 - 208.0 375 CL-ML | gray, silty lean CLAY
MW-3 S-17 209.0-210.5 231 40 23 0.2 |99.8 CL gray, lean CLAY
MW-3 S-18 219.0-220.5 29.3 1.5 {98.5 CL gray, lean CLAY
MW- 3 5-19a 229.0 - 229.5 26.4 SM gray, silty SAND
MW- 3 S-19b 229.5-230.0 319 122.2 92.6 95.4 CL-ML | gray, silty CLAY
Notes: 1. This lable summarizes information presented elsewhere in the report and should be used in conjunction
) \ with the report text, other graphs and tables, and the exploration logs. )
. . SUMMARY OF
H‘W Brightwater Project MATERIAL PROPERTIES
\ King and Snohomish Counties
. PAGE: 10f3
HWA GEOSCIENCES INC. ‘Washington
PROJECT NO.. 99153-490 FIGURE:  A-4.21

99153 99153490.GPJ 4/29/02



4 s ' )
_ 2
3 - <
e @ : "y |
5 9 ) = & 8 & z
68 £ E | E z 8 & | 8| . £ o £
e (e} 7] 7] o= aoX z u s 5 = O 20
23 14 © z 4 [ i b3 (o] | = w o or
Z w ] ] S5 Q = 0] ] 8] > [a) 7] = a L
5o | &2 B o8 2288|8223 5|5/2|%)z2| 23
awn == [ E > (e O I = oo ] [T) % b (0] — 5
w < oy
3 & 52 DEPTH (fi) 2 < & RE| 55| 8 T g é ® | 2| o X| 2o SAMPLE CLASSIFICATION
MW-3 S-18¢ 230.0 - 230.5 279 | 1204 | 94.1 39 20 207 (79.3 | 36 CcL gray, lean CLAY with sand
MW- 3 S-20 254.0 - 259.0 29.2 6.9 |93.1 cL gray, lean CLAY
MW-3 S-21 259.0 - 260.5 40.1 84 30 99.7 CH gray, fat CLAY
MW-3 S-22 269.0 - 270.5 30.8 644 68 26 53 1947 7 CH gray, fat CLAY
MW-3 S-23 279.0 - 280.5 26.3 42 21 99.9 CL gray, lean CLAY
MW-3 S-24 285.0 - 286.5 27.7 1000 | CL gray, lean CLAY
MW- 3 S-25 289.0 - 290.5 24.9 45 26 0.0 |100.0( 5.4 CcL gray, lean CLAY
MW-3 S-26a 295.0 - 295.5 18.6 SP-SM | dark gray, poorly graded SAND with silt
MW-3 S-26b 295.5 - 296.0 23.1 131.8 | 1071 10 39.8 37.6 | 624 ML gray, SILT, sand lenses
MW-3 S-26¢ 296.0 - 296.5 25.2 SP-SM | dark gray, poorly graded SAND with silt
MW-3 S-27 299.0 - 300.5 228 0.0 |85.2 |14.7 SM gray, sity SAND
MW- 3 S-28 305.0 - 306.5 25.8 35.9 SM gray, silty SAND
MW-3 - 829 309.0 - 310.5 216 9.8 SP-SM | dark gray, poorly graded SAND with silt
MW-3 S-30 314.0 - 315.0 274 SP-SM . dark gray, poorly graded SAND with silt
MW-3 S-31 325.0 - 326.0 279 SP-SM | gray, poorly graded SAND with silt
MW-3 S-32 328.0 - 329.0 238 08 |975{ 18 SP dark gray, poorly graded SAND
MW- 3 §-33 334.0-335.0 237 CL dark olive gray, lean CLAY, sand layers
MW-3 S-34a 335.0-335.5 208 40 22 97.8 5 CL gray, lean CLAY
MW- 3 5-34b 335.5-336.0 222 30 |97.0 CL olive gray, lean CLAY
MW- 3 S-34c 336.0 - 336.5 245 29 26 97.6 ML gray, SILT, interbedded with lean CLAY
Notes: 1. This table summarizes information presented elsewhere in the report and should be used in conjunction
k with the report text, other graphs and tables, and the exploration logs. )
, . SUMMARY OF
HM‘ Brightwater Project MATERIAL PROPERTIES
\ King and Snohomish Counties
. PAGE: 20f 3
HWA GEOSCIENCES INC. Washington .
PROJECT NO.:  99153-490 FIGURE: A-4.22
99153 99153490.GPJ 4/29/02




4 = )
[ >
R — — <
= w - o 4 =
18| g z g R & 2
Zz u > g = o] i'; ] b5 = z 8
g 2| 5| 5| .Szl 2|2 & 81 &
@ — z s = — =
Ei o S| 2| ¢ | cs| eE| 3|49l =] 2|4d ol 82
4 w ] m] >0 Q = 0] -~ ] > [a) (2] = o L
() o w [+ 4 Zz 5 [ = w Z ]
zp | &2 Bl g | 5| 82| 88| 2| 2|5 | 2|82 2|3 &8
i < ) 4 = U] %] T
a5 52 DEPTH (ft) 2 z & QE! 55| 8| E| ¢ 2 | = | = || g 23 SAMPLE CLASSIFICATION
MW-3 S-34d 336.5-337.0 23.2 472 1.3 198.7 1 23 ML dark olive-gray, SILT
MW-3 S§-35 337.0-337.5 25.5 CL olive gray, lean CLAY, sand layers
MW-3 S-36 338.0-339.0 25.9 SP-SM | olive gray, poorly graded SAND with silt
MW-3 S-37 347.0 - 348.0 26.2 923 | 7.7 SP-SM | gray, poorly graded SAND with silt
MWwW-3 S-38 353.0 - 355.0 37.2 41 30 58 (942 | 8.2 ML olive-gray, SILT
MW-3 S-39a 355.0 - 355.5 304 35 30 74 (929 9.2 ML olive gray, SILT
MW-3 $-39b 355.5 - 356.0 310 916 | 28 ML olive-gray, SILT
MW-3 §-39%c 356.0 - 356.5 29.1 97.8 ML olive-gray, SILT
MW- 3 S-40 358.0 - 359.0 25.3 : 0.3 | 88.8 |10.9 SP-SM | gray, poorly graded SAND with silt
MW- 3 S-41 364.0 - 365.0 324 SP-SM | olive gray, poorly graded SAND with silt, wood pieces
MW-3 542 367.5 - 369.0
Notes: 1. This table summarizes information presented elsewhere in the report and should be used in conjunction
\_ with the report text, other graphs and tables, and the exploration logs. )
) ‘ ) SUMMARY OF
HW | Brightwater Project MATERIAL PROPERTIES
) King and Snohomish Counties
. PAGE: 30f3
HWAGEOSCIENCES INC. Washington
‘ : PROJECT NO..  99153-490 FIGURE:  A-4.23

99153 99153490.GPJ 4/29/02
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Project: CSI Brightwater i
j Brig _ Log of Boring MW- 4
Project Location: King and Snohomish Counties
Contract Number: E83004E Sheet 1 of 8
Date(s) Geotechnical . Logged Checked
Dilled 1725102 - 2/1/02 Consultant HWA GeoSciences Inc. By " BKH By MLR/SEG
Drilling Method/ Rig Type  Becker Hammer/ Truck (D:glr!:trr‘gctor Layne Christensen Company I?'Ba;gﬁgfg 446.5 feet
gir;_lle/'al'l;'pe Dual Wall Reverse Circ. Hammer Weight/Drop (Ibs/in.) 300#, 30" glreo\;jar;]%r?/g;atgfn 387 feet / NAVDSS
Location  Firdale Village Coordinates N. 47.77823 W. 122.36113 Elevation Source  Plan
SAMPLES
- . o
c c ._
5 ) £ 18 Bo |, | ®
g £ 51 < ol I MATERIAL DESCRIPTION 2 8|3 ey REMARKS AND
2% 88l 2| 2 2|88 S§ | = |28| OTHERTESTS
we 02je 51 8 | S| 8| @ 25| 2186
0oJF_Z | @ 2 |ejd|> am | S [30
i : Brown, silty, fine to coarse gravelly, fine to medium = |
SAND, moist. Cobbles present and ocasional gravel $ &‘
1 lenses. “% %Q
—380 B —% %
: Dense, olive brown, slightly silty, fine to coarse > §
ﬂ S-1 10 581 2- 100 gravelly, fine to medium SAND, moist. A lense of “\Q M | 91
10 coarse sandy gravel is present at the bottom of the SA
(40)
b sample. —\Q
| (GLACIAL FLUVIAL, Qva) 4% %
—370 8 _§, %
7] 19-24- - - - = \Q
ZO_EI s-2 21 100 Dense, olive brown, clean to slightly silty, fine to ] M 6.0
(45) coarse gravelly, fine to coarse SAND to fine to coarse SA
h sandy, fine to coarse GRAVEL, moist. 1
- ]
25 —% %
360 1 -% %
30_—@ s3 [8-12-22| 450 Dense, olive brown, slightly silty, fine to coarse ~ _% % M | 105
(34 gravelly, fine to medium SAND, moist. Lenses of § SA
] silty SAND are present. b Q
. |
35— _ _ % %
| Dense, brown, slightly fine gravelly, fine to coarse’, |
clean SAND, moist.
—350 E J% %
] 10-21- 4
- M | 541
40_{E| s4 | 26| 100 _% % Lol
| 1% %
—340 . -% %
3 13-44- § §
50 u 0 M | 53
mm
HWAS

HWA GEOSCIENCES INC.

Figure: A-5.1
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Project: CSl Brightwater

Project Location: King and Snohomish Counties

Log of Boring MW- 4

Contract Number: E83004E Sheet 2 of 8
SAMPLES
g- £ ® §, T o R
—— - -~ o Q
IS £ s 02 = MATERIAL DESCRIPTION g‘g % 2y REMARKS AND
2% §8lo £ 2 2|88 Sg | = |2&| OTHERTESTS
e 0l 51 8z (8| 8@ 95 | 2 [2§
s b Z | @ Z|le|d}|D avw | 8 |20
= S5 zg 100 |; | Very dense, grayish brown, silty, fine to medium SA
@2) SAND, moist. Large gravel/cobble present in middle
7 [ of sampler. N
—330 E S -% %
1 L _§ §
. 22-24- - =
i s : Dense, brownish gray, slightly fine to coarse gravelly, M 1133
60 s-6 23 | 100 L .
47) fine to medium SAND, moist. Some coarse sand SA
7 I present. A large fractured cobble is present in the 7
1 I middie of the sampler. The bottom 3 inches of the b
E L sample becomes fine sand. _% %
320 1 . % %
] 13;28- Very d ish gray, fine to medium SAND, M | 48
70 s-7 35 100 | Very dense, brownish gray, fine to medium . 4.
i 63) moist. SA
—310 R F -% %
i 8-13-8 Medium dense, grayish brown, fine to medium % § M |52
s-8 | , gray , _
80‘E| @y |10 SAND, moist. § é SA
ﬂ : —% %
85— — —% %
300 k - ~% %
) 9-19-24 Dense, grayish brown, slightly fine gravelly, fine to M 4.9
S-9 100 | . grayl , Shgntly g Y. _l
90—E| 43 medium SAND, moist. i % SA
20 I % %
100;&] $-10 1856%6 ) 100 |_ Very dense, grayish brown, slightly fine gravelly, fine _| M [ 68
j (100+) to medium SAND, moist to wet. % % SA
105 | _% % Vibrating Wire Piezometer
i i T 0681t
| 280 j i _%’ % 3/27/2002 1068 ft7

WA

HWA GEOSCIENCES INC.

Figure: A-5.2
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Project: CSI Brightwater Log of Bori ng MW- 4
Project Location: King and Snohomish Counties
Contract Number: E83004E Sheet 3 of 8
SAMPLES
g- E 32_ § G o =
T = 51 2 =10 MATERIAL DESCRIPTION 95 | 4 | pw:| REMARKS AND
> 4 0.+ 0 n @ = [7)] E £ 4 S &
Lo oDlo ¢ 2 3 a | O Co =52 OTHER TESTS
we Se)& B S22 | 8|83 82| % &5
= Z| € || O | D aw | 8 |20
110 l S-11 95;52 " | 100 | Very dense, grayish brown, fine to medium SAND, M |[16.8
(100+) : wet. Bottom 3 inches of sample was fine to coarse ™| SA
] [ SAND, wet. '% %
115 I —%
< - <
270 k N '% %
120_-[5] S-12 45'02/3 " 1100 Very dense, brown, slighty fine gravelly, fine to > % M |17.3
(100+) I coarse SAND, wet. 3 feet of heave presentat 119 _% % SA
a I feet. b
125+ — . _ —% ‘Q
| | Cuttings: fine to coarse gravelly, fine to coarse h
SAND, wet.
—260 1 L |
130_: _3-13 | 5 feet of heave present at 129 feet. No sample taken. _§ % M | 354
B 1 % SA
1 | Brown, slightly fine gravelly, fine to medium SAND; % % M | 261
S-14 wet. 7 SA
135 - _\Q
250 ; i %
140 - —%
: : Cuttings: Brown, slightly fine to coarse gravelly, fine :% %
| to medium SAND, wet.
145 - —
—-240 E S -% %
150— - —% %
: | Cuttings: Gray, slightly fine to coarse gravelly, fine to |
medium SAND, wet. Organics, including wood, and
155j [~ some coarse sand present. _ 1
] B Cuttings: Gray, slightly fine to coarse gravelly, fine to __ M | 238
I coarse SAND, wet. Wood pieces present. ‘é SA
—~230 . L : _% §
% 815 | 4 Q
165+ - . —
] | Cuttings: Same as above - gray SAND, wef. |
AR

HWA

HWAGEOSCIENCES INC.

Figure: A-5.3
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Project: CSl Brightwater

Project Location: King and Snohomish Counties

Log of Boring MW- 4

Contract Number: E83004E Sheet 4 of 8
SAMPLES
C- C 32 g’ [
] . © - 281 4 R
© £ 5| = = I MATERIAL DESCRIPTION OF | G | Qar REMARKS AND
2 < 0 4 a » > = (5] Ec @ |35
o o0 io £ = 3 al O Se - |52 OTHER TESTS
w2 olige 5| 6 ([ §| 2 (@ 95 | 8 (385
E Z| mZ€ |e|G|D aw | 8 |=0
—220 E o B q
170—r -~ . . - —% %
| | Cuttings: Gray, slightly fine to coarse gravelly, fine to | M | 229
| medium SAND, wet. % § SA
175y s-16 - —% %
210 : L § §
180—J - _% %
185 — —% %
200 : | Hard, dark gray, fine sandy, SILT, moist. _% %
7 N (GLACIOLACUSTRINE, Qvic) 7]
T 8-22-28 a 7
190 172 1° o) I bo|2a
] | Very dense, dark gray, slightly silty to silty, fine 235
] SAND, wet. ] "'w
: L (NONGLACIAL FLUVIAL, Qpni) % % SA
195 j B Cuttings: Gray, fine to medium SAND, wet. Pieces of |
100 i : wood present. :% %
200 — —% %
2051 — . . . . - — §
| Cuttings: Dark gray, slightly siity to silty, fine to < M [28.3
" medium SAND, wet. b SA
—180 - s-18 - E
2101 L . i ] ] i _% %
i Cuttings: Dark gray, slightly silty to silty, fine SAND, M | 344
] [ wet. “% % SA
] I ]
21 5_@ S-19 B
—170 E L
220 -~ . . .
i | Cuttings: Similar as above - silty fine SAND, wef.
225

HWA

HWA GEOSCIENCES INC.

Figure: A-5.4 .
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Project: CSl Brightwater i
j Brightu Log of Boring MW- 4
Project Location: King and Snohomish Counties
Contract Number: E83004E Sheet 5 of 8
SAMPLES
- : =)
S . = *1s ol .| ®
E £ 5| = =10 MATERIAL DESCRIPTION EE RS REMARKS AND
3% 88lo £ ¢ 2|53 Sz | = |28 OTHER TESTS
e of|g 5| 8|8 | 8| @ 35| 2 |36
E Zz|lmZf |03 gw | 8 |20
225 T T
B _l _4q. | Dark gray, slightly silty, fine SAND, wet. Organicsf | M |265
160 :&l s-20 |2 (1431) 28 400 | : [ including wood fragments, present. 1 sA
| ML | Hard, dark gray, fine sandy, SILT, moist. Lenses of
230-] B organics present.
b r (NONGLACIAL LACUSTRINE, Qpnl)
235; I Cuttings: Silty SAND to sandy SILT. Some organics
] [~ present.
150 - -
: CL | Hard, dark gray, fat CLAY, moist.
e [9-18-30 M |242
240—|E] S-21 177 (48~ | 100 ~ 7 SA
_ L % § AL
245~ — . A - — %
i | Cuttings: hard, dark gray, CLAY with light gray i
_140 _ | seams. _\Q
250 W 5222 |°- (14315 28| g3 / [ Hard, dark gray, CLAY, moist, % % M {277
Fs-22b 133 [T]]] mL | Dense, dark gray, fine sandy SILT, moist to wef. i't 275
] CcL | Light gray seams and fine sandy clay lenses present. | HA
. - 4 M
SA
255 o _% '
130 : . §
] 503 [5-10-34 | Cuttings: Clay with sand and silt lenses. Q § ‘M |297
260—{:| S-23 (44) 100 | g y _ SA
— | _% % )
26 5_- -_ Cuttings: Hard, dark gray, lean to fat CLAY, moist. j &
| Light gray seams present. ‘Q
—120 8 L -% %
. 10-13- - 1 < §
270‘|E| S-24 8 100 |_ Hard, dark gray, lean CLAY, moist. Light gray seams _| M |219
] 31) / present. i AL .
1 ) I YR
] [ Cuttings are sitty SAND, wet between 273 and 276 |
I feet.
275 I~ —
—110 . / L 4 §
. 8-8-12 / I :%
280 Im ozl @ | 108 Mé CL J\ Very stiff, dark gray, CLAY, moist. A M [310
S-25¢ "\ Medium dense, dark gray, silty fine SAND, wef. /A SA |27.7
7 \ Very stiff,_dark gray, fine sandy SILT, moistto wef. / '% AL | 306
. L “Dark gray, SILT, wet. & HA
LA
HWA

HWAGEOSCIENCES INC.

Figure: A-5.5
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Project: CSI Brightwater
Project Location: King and Snohomish Counties

Log of Boring MW- 4

Contract Number: E83004E Sheet 6 of 8
SAMPLES
3 £ R |8 -
8 . © - | 4 29 @ R
*g? £ 51 < =l MATERIAL DESCRIPTION 2 S REMARKS AND
o8 §B|lo £ ¢ 21538 Sg | = |22 OTHER TESTS
we n2fe 3 o= S Sl o o5 | 2 1355
E Z| o€ |le |0 ]| D an | 83 |=0
4 / cL | Hard, dark gray, lean CLAY, moist. i SA
] L . _] M
285 ] i _% % SA
100 ; ! W% %
THl s 18-12-18 " i M [227
290 S-26 30) 100 - _% % SA
] - : AL
i L —\Q HA
295 / - ~%
—90 . - -%
: : D
300—-@ s27 |7~ 1521 " Dense, dark gray, slightly silty, fine SAND, wet. fé M | 25.1
: : Cuttings: Dark gray, silty SAND, wet’ :% %
305: [ Hard, dark gray, lean to fat CLAY, moist. _% §
i / ML | i
] 21l % §
] 9-12-18 i 1 é M |228
310«E] §-28 " (3 | 100 - - § SA -
i / L ] Q AL Standpipe Piezometer
] : —% % HA v
] % I ] 1/5/2002 3141y
315—_ / At 315, cuttings contain a thin lens of hard, greenish Bl
70 [ gray, laminated CLAY, moist. The Lens is very '% %
B 7 I~ brittle. 3
B _ 8-10-16 | Very stiff, dark gray, CLAY, moist. Light gray seams -§ §' M [ 327
320,{EI S-29 (26) 100 / | very i f _
] | present. _§ &
325 - . . . < —% %
B s.30 |7-12-18| 400 Very stiff, dark gray, CLAY, moist. Light gray seams M |257
(28) | present. i SA
60 - 5 AL
I % % HA
- 8-18-40 Very dense, dark gray, fine sandy SILT to siity finé M | 457
330 S-31 (58) 100 ML [ SArlzD, ot gray y ity _% % SA
S-32 i & & M |337
CL | Very stiff, dark gray, lean CLAY, moist. Light gray™ _% Q .
seams present. At the top of the clay was a thin,
335 8-11-18 — hard, siit lens. The lens was about { mm thickand M |260
$-33 (29) 100 I contained organics. E SA .
50 - - AL
L A HA
340- 0] s-34 |3~ £3518) 100 / _ 1 % M |26.4

HWA

HWA GEOSCIENCES INC.

Figure: A-5.6
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Project: CSl Brightwater
Project Location: King and Snohomish Counties

Log of Boring MW- 4

HWA

Contract Number: E83004E Sheet 7 of 8
SAMPLES
c i ®)| 8 -
B - © - 4 89 @ R
5 £ 5| 2 | 5|2 MATERIAL DESCRIPTION G5 [ § |pz| REMARKSAND
38 8Blo 2| 2 21513 s5 | © |28 OTHER TESTS
we oLig 5| 55 8| 8|2 35| ¢ |85
=zl m€ || 6 |D aw | 8 |50
- / - |
| | Dense, dark gray, silty fine SAND, wet. | %
345 4.11-22 - ]
@ £33 e § M |288
i Hard, dark gray, SILT to fine sandy SILT, moist to ‘Q SA | 2841
40 " wet '& } M
B L : 4 SA
J A%
B cag (3-11-20 M Dense to hard, dark gray, silty fine SAND to sandy M |[28.1
350—_;] S-36 1" @ | 100 L SILT, wet. 7] SA
3554 5-13-23 % - $
S-37a (36 93 |[¥ Dense, dark gray, silty fine SAND, wet. Lenses of % M | 243
8-37b ) 133 L "\ _organics present. Ya SA 234
—30 = Hard, dark gray, lean CLAY, moist. . M .
15-25- I |
S-38a 47 N ] M 1714
360 S-38b 72) — Hard, greenish gray, fine sandy SILT, moist to wef. —é Q SA | 234
- Organics present. AL
4 | Dark gray, fine to coarse gravelly, slightly silty, fine to M
] | medium SAND, wet. Organics, including pieces of | SA | 238
1Y s-39 wood, present. Lenses of silt/clay present in sand. § l-hlnA
365 - (NONGLACIAL FLUVIAL, Qpnf) —\Q SA
—20 1 = —% %
370 __ S-40 __ 5 feet of heave present at 369 feef. __Q % M | 238
| Dark gray, fine to medium SAND, wet. Pieces of M | 250
| wood present. 7 SA
M s-41 L § %
375 - —% % ‘
10 1 L %
380 g %
) s-a2 Cuttings: Light greenish gray, SILT, moist witi % % M |359
\ organics. /] SA
385 7-12-27 — Very dense, gray, silty fine SAND, moist. Abundant ‘Q HA 31.0
§-43 (39 I organics, including pieces of wood, present. —§ % Shf\ :
-0 | -‘Q
390 -50- - . — %
S-44 1650?30 | Dense, dark gray with light gray and greenish gray =~ | 25.3
(100+) streaks, silty, fine SAND, moist. Abundant organics,
- including pieces of wood, present.
395 . ’
S-45 | Heaving sand present. No SPT sample taken. 224
Cuttings consist of dark gray, fine to medium SAND,
—-10 r wet.
400 208

HWAGEOSCIENCES INC.

Figure: A-5.7
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Project: CSl Brightwater LOQ of Boring MW- 4
Project Location: King and Snohomish Counties

Contract Number: E83004E Sheet 8 of 8
SAMPLES
- : o
k5 ) P 13 Be | | ®
5 £ 512 | &le MATERIAL DESCRIPTION 55 | § [p2| REMARKSAND
2% 8Ble £ 2 21838 Sg |~ |28 OTHER TESTS
0e 0l 5| 6 [ § | B |9 oG [ 8 188
a0l Z | @ Zle|d | D o | 3 |20
T S-48 | Heaving sand present. No SPT sample taken. 1 SA
Cuttings consist of dark gray, fine to medium SAND, 1 HA
) r wet.
S-47 | Cuttings: Brown to gray, CLAY, moist. Accordingts | 1 [-1 M |329
405 the driller, this clay lens is only 1.5 to 2 feet thick. 1 SA
S-48 | 35 feet of heave present at 405 feet. No SPT sample | M | 1438
taken. Cuttings: Gray, gravelly, fine to coarse SA
—-20 - SAND, wet. Gravel is fine. ]
410 _ ¥ CL- | Cuttings: Gray, SILT, moist. B ]
S-49 ML M |[289
r (NONGLACIAL LACUSTRINE, Qngl) 1.
415 S-50 ! 15[)?55 "1 100 _— Hard, gray, organic SILT, moist. Abundant i ~_ . 32.7
(100+4) compressed peat layers present. Compressed peat
—-30 7] I is platey and breaks into sheets. h
420 —: | Heaving sands present at 420 feet. ]
425— - —
40 i L
g'g}g Hard, gray, organic SILT, moist. Abundant wood M ggg
1 g [ fragments/organics present. M .
430 S51c | a9 ganics p SA |327
4 — L M
il i SA
S§-52 — | Cuttings: Brown, compressed peat. T:\ 47.5
[— | Cuttings: Gray silt.”
35 - 50/2 R
435 S-53 (100+) 83 e '-“’4 GP | Cuttings: Dark gray, fine to coarse sandy, GRAVEL, M |77
§-54 ‘r'd wet. . M |82
.50 o et XNe - SA
§-55 | 30-90/3 | g3 L4=,4 L (NONGLACIAL FLUVIAL, Qpnf)
(100+) 'v'q ‘o , Qpi M |49
I~ s-56 e8] L Very dense, gray, fine to coarse GRAVEL, wef. SA .
_ L=, 4 | _ Cuttings: Dark gray, fine to coarse sandy, fine t6
440 v'd 7
i Pr s | coarse GRAVEL, wet.
[
] el [
- 2%
- L4 L -
a5 33 oSl L : ] M |51
B ss50| 7:16 | 100 PR | Very dense, gray, fine sandy GRAVEL, moisf. | SN': 13.3
—-60 b - Bottom of hole at 446.5 feet. - b SA
4 | 2" piezometer instalied from 404 to 424 feet. 4
_ | Vibrating wire piezometer installed at 226 feet. B
450 - —
g : 4
455 - —~
—-70 . - 4
T
HWA

HWAGEOSCIENCES INC.

Fiqure: A-5.8



( : )
_ 2
b3 -~ g
s ; @ E
= & T = E § & z
2 a | || Bzl 5| 8 bl &
55 51 E | & Z | 82| &8} .| & g| &
Er Q @ @ 8= aIl| =z w S R S| 2
> we O z Z & Lh (e} = 5 o u » (8] O
53 R o u i =T z91 o 2 a 2 Sl 2t 24
@ | 23 3 B T - 8| S| & | 2| 3 Qlo|a|E| ¢| E3 :
&a 5= DEPTH (ft) 3 2 G aE 56| o o 3 a | ® | ® | c| <O SAMPLE CLASSIFICATION
MW- 4 S-1 9.0-105 9.1 7.8 SP-SM | olive-brown, poorly graded SAND withsilt and gravel
MW- 4 S-2 19.0- 20.5 6.0 3341596 | 7.0 SP-SM | olive-brown, poorly graded SAND with silt and gravel
MW-4 S8-3 29.0-30.5 105 71 SP-SM | olive-brown, poorly graded SAND with silt
MW- 4 S4 39.0-40.5 5.1 16.4 | 79.3 | 4.3 SP grayish-brown, poorly graded SAND with gravel
MW- 4 S-5 49.0-50.5 53 124 SM ofive-brown, silty SAND
MW- 4 - 56 59.0 - 60.5 13.3 43 1812 {146 SM grayish-brown, silty SAND
MW- 4 S§-7 69.0 - 70.5 48 : 3.6 SP grayish-brown, poorly graded SAND
MW- 4 S-8 79.0-80.5 5.2 26 (911 | 6.3 SP-SM | It. olive-brown, poorly graded SAND with silt
MwW- 4 S-9 89.0-90.5 4.9 : 5.3 SP-SM | olive-gray, poorly graded SAND with silt
MW-4 S-10 99.0 - 100.5 6.6 86 1886 | 5.9 SP-SM | olive-gray, poorly graded SAND with silt
MW- 4 S-11 109.0 - 110.5 16.8 5.2 SP-SM | olive-gray, poorly graded SAND with silt
MW- 4 S-12 119.0 - 120.5 17.3 24 1952 | 24 SP olive-gray, poorly graded SAND
MW- 4 S$-13 129.0 - 129.0 354 ' 7.2 SP-SM | brown, poorly graded SAND with silt
MW- 4 S-14 133.0-136.0 26.1 3.6 SP It. grayish-brown, poorly graded SAND
MW- 4 S-15 155.0 - 160.0 23.6 0.6 (959 | 36 SP gray, poorly graded SAND
MW- 4 S-16 170.0 - 180.0 229 48 (916 | 3.6 SP gray, poorly graded SAND
MW-4 S-17a 189.0 - 190.0 21.4 NP NP 66 {934 ] 29 ML gray, SILT
MW- 4 S17b 190.0 - 190.5 235 7.3 SP-SM | gray, poorly graded SAND with silt
MW- 4 S-18 205.0 - 209.0 28.3 50 {79.1 {159 SM gray, silty SAND
MW- 4 S-19 210.0 - 219.0 344 | 10.0 SP-SM | gray, poorly graded SAND with silt
Notes: 1. This table summarizes information presented elsewhere in the report and should be used in conjunction
\ with the report text, other graphs and tables, and the exploration logs. )
' Brightwater Proiect SUMMARY OF
/\ It water rrojec
Hm . g ol . : MATERIAL PROPERTIES
King and Snohomish Counties
. PAGE: 10f4
HWA GEOSCIENCES INC. : Washington , :
: PROJECT N0 99153-490 FIGURE:  A-5.30
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( - 2 R
2 ™ ; > =
[= O G E E [ E =z

z & = N = 2% & 2 = o
G38 2 [ - z 32| & 8| _ < 8 E
EE o @ @ S~} azx| z w S = ol 2o
5= @ o z b4 [~ oLh| O = = w 3] O

z w ] & =5 Lo 0] 3 Q > | al|lw 2 oL
gg | &8 B oo 22\ 88\8|2/23|6|8|2|2|3 28
on S = [ I > Q5 O I = 2 [T) P, i 4] e

w < o
e | §2 DEPTH (f) g z 5 2E| S5 81 E | 8 2 lele|=]| 8| 23 SAMPLE CLASSIFICATION
MW-4 S-20 226.0 - 228.5 26.5 92.5 ML gray, SILT
MW- 4. S-21 239.0 - 240.5 242 36 27 100.0 ML gray, SILT
MW- 4 S-22a 249.0 - 250.2 27.7 59 25 0.0 {100.0 CH gray, fat CLAY
MW- 4 S-22b 250.2 - 250.5 27.5 99.4 ML olive-gray, SILT
MW- 4 S$-23 259.0 - 260.5 29.7 NP NP 0.0° |100.0 ML olive-gray, SILT
MW- 4 S-24 269.0 - 270.5 219 39 21 CL gray, lean CLAY
MW- 4 S-25a 279.0-279.5 31.0 57 25 53 | 94.7 CH gray, fat CLAY
MW-4 5-25b 279.5 - 280.0 27.7 298 SM gray, silty SAND
MW- 4 S-25¢ 280.0 - 280.5 30.6 99.3 ML dk. olive-gray, SILT
MW- 4 S-26 289.0 - 290.5 227 46 22 0.0 |100.0( 25 CL gray, lean CLAY
MW- 4 S§-27 299.0 - 300.5 25.1 SP-SM | gray, poérly graded SAND with silt
MW- 4 S-28 309.0- 3105 228 43 22 100.0] 3.2 CcL gray, lean CLAY
MW- 4 S-29 319.0-3205 32.7 CH gray, fat CLAY
MW-4 S-30 325.0 - 326.5 25.7 48 26 0.0 [100.0] 28 CL gray, lean CLAY
MW- 4 S-31 329.0 - 330.5 45.7 346 | 654 ML dark gray, sandy SILT
MW- 4 S§-32 332.5-333.0 337 cL gray, lean CLAY
MW-4 S-33 335.0-336.5 26.0 50 26 0.9 !99.1 CH gray, fat CLAY
MW- 4 S-34 339.0 - 340.5 26.4 cL gray, lean CLAY
MWwW-4 S-35a 345.0- 345.5 28.8 31.0 SM dark gray, silty SAND
MW- 4 S-35b 345.5-346.5 28.1 38 |96.2 ML dk. olive-gray, SILT
Notes: 1. This table summarizes information presented elsewhere in the report and should be used in conjunction

\ with the report text, other graphs and tables, and the exploration logs. )
. . SUMMARY OF
Hm _ Brightwater Project MATERIAL PROPERTIES
King and Snohomish Counties PAGE: 2014
HWA GEOSCIENCES INC. Washington '
PROJECTNO.: 99153-490 FIGURE: ‘- A-5.31
99153 99153490.GPJ 4/29/02




( A < ™
® ~ : - g
33 szl | g | 82E|E| . & 5| E
5E v S | 2| 2 os| PE| B | 4| 2| I |& o| 8¢
65 | g4 56| 8| 33|22/ 8|2 al| £|2|2/8 2| 23
% g ‘% § DEPTH (ft) g g E § E % E é E § é :\?’ :\2 ,—: % 5 é SAMPLE CLASSIFICATION
MW- 4 S-36 349.0 - 350.5 28.1 95.3 ML dk. olive-gray, SILT
MW- 4 S-37a 355.0 - 356.2 24.3 433 SM dark gray, silty SAND
MW- 4 S-37b 356.2 - 356.5 234 l - CL dk. olive-gray, lean CLAY
MW-4 S-38a 359.0 - 359.5 17.1 36 21 99.9 CL gray, lean CLAY
MW- 4 5-38b 359.5 - 360.5 234 88 [91.2 ML gray, SILT
MW- 4 S-39 362.0 - 365.0 238 10 |935 | 55 SP-SM | gray, poorly graded SAND with silt
MW- 4 S$-40 369.0 - 238 - SP gray, poorly graded SAND
MW- 4 S-41 370.0 - 374.0 25.0 00 |928 | 74 SP-SM | gray, poorly graded SAND with silt
MW-4 S-42 383.0 - 384.0 35.9 : » 18.6 [ 81.4 ML gray, SILT with sand
MW- 4 §-43 385.0 - 386.5 31.0 86.6 ML olive-gray, SILT
MW-4 S-44 390.0 - 391.5 25.3 238 {76.2 ML olive-gray, SILT with sand
MW- 4 S-45 395.0 - 397.0 221 . 17.4 SM olive-gray, silty SAND
MW-4 §-46 399.0 - 401.0 20.8 0.8 189.7 | 9.6 SP-SM | gray, poorly graded SAND with silt
MW- 4 S-47 403.0 - 404.0 329 ) 91.9 CL olive-brown, lean CLAY
MW- 4 5-48 405.0 - 406.0 14.8 21.8 763 | 1.9 SP gray, poorly graded SAND
MW- 4 S-49 " 4110- 412.0 28.9 ML dk. grayish-brown, SILT with sand
MW-4 S-50 415.0 - 416.5 327 45 38 12.2 ML olive-gray, SILT with sand
MW-4 S-51a 428.0 - 428.5 25.6 NP NP SP-SM | gray, poorly graded SAND with silt
MW- 4 S-51b 428.5 - 429.0 349 771 ML dk. ofive-gray, SILT with sand, thin interbedded organics
MW- 4 S51¢ 429.0 - 429.5 32.7 6.7 |93.3 ML dk. olive-gray, SILT, thin interbedded organic layers
Notes: 1. This table summarizes information presented elsewhere in the report and should be used in conjunction
\ with the report text, other graphs and tables, and the exploration logs. - )
: Briahtw Proi SUMMARY OF
Hm rightwater Project MATERIAL PROPERTIES
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b o o 4 2z [ o = o ~J = w 0 oI
z w ul ] b3 -] [V} & [0] - [8) > [a) (%] = ]
o6 5y o« o 5 Zz| &4 -4 o zZ W Z @
za | &2 Elg | 3| 82|88 £ 2|5 | 2|8|3|2| 3| &3
w < o © iy (%] w
aa 52 DEPTH (f) S S 5 SE| 55| 81 E | S 2l ||| &| 23 SAMPLE CLASSIFICATION
MW-4 8-52 432.0 -433.0 475 ML olive-gray, SILT, thin interbedded organic fayers
MW- 4 §-53 435.0-435.7 7.7 GP olive-gray, poorly graded GRAVEL with sand
MW- 4 S-54 436.0 - 437.0 8.2 68.0 [31.1 | 1.0 GW gray, well graded GRAVEL with sand
MW-4 S8-55 437.5-438.3 GW olive-gray, well graded GRAVEL with sand
MW- 4 S-56 438.0 - 438.5 49 85.7 1143 | 0.0 GW gray, well graded GRAVEL with sand
MW.- 4 S§-57 444.0 - 4445 5.1 75.3 (247 | 0.0 GwW gray, well graded GRAVEL with sand
MW- 4’ S-58 444.5 - 445.0 13.3 322 |67.0 | 0.8 Sw gray, well graded SAND with gravel
MW-4 S-59 445.0 - 446.5 _ GP olive-gr‘ay. poorly graded GRAVEL with silt and sand
Notes: 1. This table summarizes information presented elsewhere in the report and should be used.in conjunction
\ with the report text, other graphs and tables, and the exploration logs. J
Brightwater Proiect SUMMARY OF
/\ - Il ater rrojec :
m = crojeet MATERIAL PROPERTIES
King and Snohomish Counties
. PAGE: 40f4
HWA GEOSCIENCES INC. Washington
_PROJECTNO..99153-490 FiGure: A-5.33
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HWAGEOSCIENCES INC.

Project: CSIBri .
j | Brightwater Log of Boring MW- 5
Project Location: King and Snohomish Counties
Contract Number: E83004E Sheet 1 of 7
Date(®  11/27/01 - 12/7/01 Geotechnical HWA GeoSciences Inc. Eogeed  sEG, BKH Shecked  miRisEG
Drilling Method/ Rig Type = Becker Hammer/ Truck gglrlmlt?agctor Layne Christensen Company I?g;gﬁgg 352.0 feet
R e Dual Wall Reverse Circ. Hammer Weight/Drop (Ibs/in.) 3004, 30" Ground Surface 305 feet / NAVDES
Location Lake Ballinger Pump Station Coordinates N.47.77733 W.122.33416 Elevation Source  Plan
SAMPLES
5 I N | 5o "
T £ 51 2 Flll I MATERIAL DESCRIPTION ’g‘g % | 2| REMARKSAND
5% 8Ble | ¢ 2|88 Ss | = |2 OTHER TESTS
meE o8 % 3 O = $ g [72] ot a |55
=2z [} — O © (=]
0 — Z mnm< 14 O] 2 ow 4 |20
i : \ Asphalf’ /]
\ Sandy Fill. (FILL, )’
7 I Medium dense, grayish brown, fine SAND with trace
1 I silt and gravel, moist.
300 5 | (GLACIAL FLUVIAL, Qva)
| | Occasional gravel and minor silt seams present.
b -
] 8-8-8 i
10——E| $-1 (16) _ ; i M 8.2
i Medium dense, grayish brown, fine to medium SAND
[ with occasional gravels, dry. Contains minor silt
N I seams.
i Medium dense, grayish brown, medium SAND, with
1 I gravel, moist.
—290 15— —
I 7-8-8 i
20 §-2 RE _ _ ! _ M | 48
i Medium dense, grayish brown, medium SAND, tracé
| gravel, moist.
280 25~t :— Becomes gray to brownish gray, medium SAND.
30 W 55 [8- 1249- 15 | 1 foot of heave present at 28 feef. M {177
i @9 Medium dense, dark gray, fine to medium SAND, SA
| wet. Trace fine gravel.
—270 35— -
40 W S-4a | 273718 i M (214
el S-4b Siift, grayish brown, fine sandy, SILT to SILT, moist. M [227
" Laminated, non-plastic.
i Easy push of casing to 63 feet. -
[ Medium dense, gray, medium SAND, wet. Clean.
260 45— —
] 1-5-6 i
50 ml M | 2141
CHWA

Figure: A-6.1
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Project: CSI Brightwater

Project Location: King and Snohomish Counties

Log of Boring MW- 5

Contract Number: E83004E Sheet 2 of 7
SAMPLES
g- £ R e 5o £
8 _ -1 L0
g £ 5 2 e e MATERIAL DESCRIPTION g‘g *§' e REMARKS AND
2% 8B|le £ 2 21658 Sg | - |38 OTHER TESTS
we ollg 541 85 |81 8o 85 | g |85
sl Z | @ Z | |G| an | 8 |s0
= s5 (1) ] 100 | 1" of heave present at 50 feef. SA
-250 55— -
b S-6 o
60—4 :_ 5' of heave present at 60 feet. No sample taken.
: Stiff to hard, dark gray, massive to laminated, low
[ plastic SILT, dry.
240 65— P i
b - (GLACIOLACUSTRINE, Qvic)
70-W s7 7-10-13| 409 ML | Hard, dark gray, slightly fine sandy SILT, moist. M |284
29 |~ Laminated, non to slightly plastic.
230 75—_ |~ Becomes drier, massive, more clayey with slightly
I wavy l[aminae.
__IEI s8 |5-9:141 100 cL Hard, dark gray, lean CLAY, laminated, moist. low M {253
80 (23) / — plastic.
—220 85— ad
: : A few gravels present at 86 feef.
90 W so |7- ?8- 10| 400 ML |_ Hard, dark gray, SILT, moist. Laminated and minor M |26.1
(18 slickensides present. Low plasticity. iﬁ
b L HA
—210 95 -
: | Stiff to hard, dark gray, massive to laminated, lean
100-{8 s-10 [ CLAY, dyy. M |244
200 105_— | _ Very dense, gray, sitty SAND with gravel (diamicton}
with beds of interlaminated sitty SAND and sandy
) I SILT, wet.
b F (GLACIAL TILL, Qpgt)
HWA
HWA GEOSCIENCES INC.

Figure: A-6.2
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Project: CSI Brightwater Log of Boring MW- 5
Project Location: King and Snohomish Counties '

Contract Number: E83004E Sheet 3 of 7
SAMPLES
- : o
5 . o~ #13 ol .| =
© £ 5| = = I MATERIAL DESCRIPTION gg RS REMARKS AND
2% Bl 2| ¢ 21518 55| = |2e OTHER TESTS
we al|g 5/ 851§ 89 35 | & |88
£ Z!m€ |0 |D an | 8 |s0
Tl <. 18-20-15 : Very dense, dark gray, very silty, SAND with gravel, M |120
110@ S-11 ) 100 L dryr.y y, very silty g Ly
190 — -
1 115 | | Boulder encountered at 115 feef.
: Dense, dark gray to brownish gray, interbedded ~
4o |5-18-18 " medium SAND with gravel to siity fine SAND, wet. M | 133
120—&] S12 " @3g) | 100 — Encountered water at 118 feet. SA
] L (GLACIAL FLUVIAL, Qpgf)
—180 125— -
4 §8-13 =
5 feet of heave present at 129 feet. No sample taken.
130 -
i Cuttings are silty SAND.
—170 135 -
: | Very dense, dark gray, silty SAND to sandy SILT with
_ gravel, moist to wet. TILL-LIKE.
140—@ s-14| 71 |100 L (GLACIAL TILL, Qpgt) Mo|152
—160 145 -
150-M s15 | &1 | 100 N M |97
: | Becomes sandy gravel and wet at 152 feet.
- 55
150 155 i Dense, dark gray, silty medium SAND to fine sandy
i : SILT interbeds. Mostly massive with silty laminae. ] Vibrating Wire Piezometer
. - 3/27/2002 1581
i 6 feet of heave present at 158 feef. 1/30/2002158 6 £ Y
15 [5-19-30 i M {224 ‘
160 s-16 (5 19530| 44 N M
140 16 5: i Standpipe Piezometer
] L Hard, olive gray to dark gray, SILT, moist. Light and 3/27/2002 1659tV
HWA]
HWA GEOSCIENCES INC.

Figure: A-6.3
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Project: CSI Brightwater Log of Boring MW- 5
Project Location: King and Snohomish Counties

Contract Number: E83004E Sheet 4 of 7
SAMPLES
- . o
c .
5 ) £ ® 19 So i ] R
® £ 5| < 2| o MATERIAL DESCRIPTION OF | F | 0w REMARKS AND
> B a2 0 = ) EE| @ |5
28 o8le E| 3 g la|o S5 | ¢ |58 OTHER TESTS
we o&/g 51 ez 8| 2|2 25 | €25
- Z o< o (0] ] aw 4 | =0 o
1 I dark draped laminations present. A few drop stones 1/30/2002 166.79ft
b I present. .
4 | (GLACIOLACUSTRINE, Qpgl)
170 _E s17| 90 | 83 B M [165
130 175__ __ Becomes more clayey at 175 feef.
4 L
W 518 (6-14-171 400 ML |_ Hard, dark gray, slightly sandy SILT, moist. Faintly ~ M [268
180“] ) I laminated to massive. Low plasticity. Sand Is fine to SA
) I medium., AL
J L HA
120 185__ __ Becomes cobbley at 185 feet.
: ML | Hard, dark gray, SILT, with trace fine sand, dry.
1 Faintly laminated to massive.
190 S-19| 70 [ 100 N M (238
4
| ] |_ Between 194 and 196 feet, silty sand interbeds
110 195 i " P present.
i CH | Hard, dark gray, fat CLAY with trace fine sand, dry. ~
Laminations are contorted. Moderate plasiticity when
1 I wet. Appears carbonacous.
_—E s20 | "937° | 100 / I M 1192
200 (45) / — ' SA
b - AL
_ % _ o
100 205 % =
| | Very dense, dark gray, silty, fine to coarse SAND,
21 0'_=’ s-21 83 moist. Some cobbles present. Till-like. M | 82
- - (GLACIAL TILL, Qpgt)
—-90 215 -
220 _— S§-22 87 83 __ M | 102
= r
—80 225

HWA

HWA GEOSCIENCES INC.

Fiqure: A-6.4
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Project: CSI Brightwater

Project Location: King and Snohomish Counties

Log of Boring MW- 5

ﬁ S-24 |40/1.5 feet

-60 24515 s25 | 50

T 25-21-
250<|E] 5-26 (‘%)

= S-27 50 83

[m] S-28 50 83

40 265—1= s-29 50

7] 33 . 50/5"
2708 830 |>{60w)

30 275-=s31| 50 | 83

] 50/3"
= s-32 | Jo6n | ©

1.5 feet of heave present. Drove sampler 2 feef.
Dense, dark gray, slightly silty, fine to medium
SAND, wet.

Very dense, dark gray, fine to coarse gravelly, silty,
fine SAND, moist. TILL-LIKE.

(GLACIALTILL, Qpgt)

| Very dense, dark gray, silty, fine SAND, moist.

Hard, dark gray, lean CLAY, moist. Fine sand lense$
present.

| Between 250 and 254 feet, shelis noted in cuttings.

Very dense, dark gray, fine to coarse, silty fine to

™ medium SAND, moist. Till like.

ML |

Very dense, dark gray, fine to coarse gray, silty
SAND to sandy SILT, moist. TILL-LIKE.

Very dense, dark gray, fine to coarse gravelly, silty
fine to coarse SAND, moist to wet.

: Betwwen 265 and 269, cuttings are wef.

3
”

GP-
GM

AgtA

N
4

L} [y
e

[

' .‘\j\" QLI T e oY
A o B Ar- S

.\’
N

Very dense, dark gray, silty, sandy GRAVEL, wef.

I Abundant water.

(GLACIAL FLUVIAL, Qpgf)

Contract Number: E83004E Sheet 5 of 7
SAMPLES
g- £ R E)’ 5o -
] 5| 2 | 5|2 MATERIAL DESCRIPTION o5 | # |pz| REMARKS AND
38 88le 2| 2 21518 s5 | 2 |28| OTHERTESTS
e Ol o [ 3 o © N2 = Bg
— |5 S o 2 E — o) 2G © oo
- Z o< 4 (G s ov 4 | =0
225 5
b - At 227.5, soil becomes wet. Cuttings are soupy, dark
4 8-23 L gray, silty SAND. Blows counts decreased.
230 B (GLACIAL FLUVIAL, Qpgf)
7 feet of heave present at 229 feet. No sample taken.
—-70 235 — —

209
M | 91
M | 186
M {186
M 124
M [126
SA
M [105
M [135
M | 39
SA

HWA

HWAGEOSCIENCES INC,

Figure: A-6.5
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Project: CSI Brightwater Log of Boring MW- 5
Project Location: King and Snohomish Counties

Contract Number: E83004E Sheet6 of 7
SAMPLES
g. £ R §) Yo *
T = 5 | = gle MATERIAL DESCRIPTION 9% | § 22| REMARKSAND
8% S8l 2| 2 2518 5 |2 |2€| OTHERTESTS
oo ] £ 3 31§19 N B
e o2 35| 85 | | 2| @ o5 | 2|58
2 Z| mZ€ || G| D an | 8 |30
| 20 285—_ % Very dense, dark gray, slightly silty to sity, fine to
ml S-33 50 I~ coarse gravelly, fine to coarse SAND, wet. (Drift-like) M [132
I " SA
41 8-34 - -
290 12 feet of heave present at 289 feet. No sample
] [~ taken.
—10 2959 535 | a3 ” M [202
S-35b Very dense, dark gray, slightly silty, fine to coarsé M 8.8
[ gravelly, fine to medium SAND, wet.
300 S-36 72 | 4 feet of heave present. Driller pulled back casing M | 9.1
\.and heave fell out, therefore, a sample was taken. SA

I Very dense, dark gray, fine to coarse sandy, silty, fine
I to coarse GRAVEL, wet.

Very dense, dark gray, slightly silty, fine to medium
[~ gravelly, fine to coarse SAND, wet. M-l 79

| Ground water at 169.9 feet below ground surface at
| start of driliing the next day.

| Very dense, dark gray, slightly silty, fine to coarse M 78
gravelly, fine to coarse SAND, wet.

31 o_'[ﬂ s-38 | 72

10 315__ S$-39 63 B Very dense, dark gray, silty, fine to coarse sandy, finé M | 103

I to coarse GRAVEL, wet. SA

| No recovery. Cuttings are silty, sandy grave! and

320_EJ S-40 | 50 " cobbles.

b~
I
L
b

Very dense, dark gray, slightly silty to clean, fine t6 .

20 325~ S s coarse sandy, fine to coase GRAVEL with cobbles, M |75
] I wet.
4 S-42 - _ 4
330 | _ 22feet of heave present at 329 feet. No sample
| taken,
4 :";\'o‘ I A
i "-" ‘4. L .
B -" .‘.c‘ . -
- ‘o'd ] - _
30 335 i s-43 ogSel | 10 feet of heave present. Cuttings are sandy ]
PR GRAVEL, wet.
] S0 :
4.
7 o .u'. r 1 =k
340 .’.‘-.‘: I~ — E
T . ,.n I 4 H
(17
HWA]
HWAGEOSCIENCES INC.

Fiqure: A-6.6
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Project: CSI Brightwater Log of Boring MW- 5
Project Location: King and Snohomish Counties

Contract Number: E83004E Sheet 7 of 7
SAMPLES
- : o
S . £ 213 o | , | ®
S £ 51 ~ =10 MATERIAL DESCRIPTION g‘g 7|2 REMARKS AND
28 88lo £ ¢ SRR Sg | © |§E| OTHERTESTS
we olig 5| 8z (8| 8|a 25 | 128
F Z| mZ |G |D g&on | S |=0
: T ML Hard , dark gray, SILT, moist. Laminated and o=
] | plastic. : 13-
40  345- - GLAGIOLACUSTRINE, Qpgl =4 =
W 544 83 I ( pal) IR=5 263
: | i'i‘ 4 GM Cuttings become gravelly and wet. Lenses of silt and
1 sua4s 4o [ gravel. 15"
350 ; gL =
] ML | Silt presentat 350". Very hard to pull casing ouf. o=y
“H:-
>0 355—_ |~ Bottom of boring at 352", : —_
" 2" piezometer installed to 352"
] I Vibrating wire piezometer installed to 240'. h
360 - -
—-60 365 - .
370 - —
4 L J
—-70 375 - -
380 — —
—-80 385 = —
390 t ~
—-90 395 - —
N L 4
400

CHWA

HWAGEOSCIENCES INC

Figure: A-6.7
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EE 7] B 9. | =z W s = ] 20
= g p 3 2 2 °® | K| & o 2 S0 @ w | ol OF
z w 0i @ 1] . =10 = V] b7l [G] 8] > [a) 8 Z 0N =
S g o i a a 22| & w | 2 2 Elei%2iz]| 2| =93
Lo == [~ m > o ol T < =] | 51 & 1] ]
L 4 o
da 52 DEPTH (ft 2 2 & 2E| 85| 8 | £ g 2= | =] = &| 2o SAMPLE CLASSIFICATION
MW- 5 S-1 9.0-105 8.2 ML 1. olive-brown, poorly graded sandy SILT
MW- 5 S§-2 19.0-20.5 4.8 SP l. olive-gray, poorly graded SAND
MW-5 S-3 29.0-30.5 17.7 29 (939 | 3.2 1.6 SP olive-brown, poorly graded SAND
MW-5 S-4a 39.0 - 40.0 214 SP-SM  gray, poorly graded SAND with silt and gravel
MW-5 S-4b 40.0 -40.5 22,7 SM olive-gray, silty SAND
MW-5 S-5 49,0 - 50.5 211 976 | 24 1.2 SP olive-gray, poorly graded SAND
MW-5 S-6 59.0-59.0
MW-5 S-7 69.0-70.5 28.4 ML gray, SILT with sand
MW-5 S8 79.0-80.5 25.3 CL gray, lean CLAY
MW-5 S-9 89.0-90.5 26.1 699 40 25 0.3 199.7 | 38 CL gray, lean CLAY
MW-5 S-10 99.0 - 100.5 24.4 CL gray, lean CLAY
MW- 5 S-11 109.0 - 110.5 12.0 20.9 {37.0 {421 SM gray, silty SAND with gravel
MW-5 S-12 119.0 - 120.5 133 256 1593 {151 { 1.6 SM gray, silty SAND with gravel
MW- 5§ S;13 129.0 - 129.0
MW-5 S-14 139.0 - 140.5 15.2 4.9 1437 {513 ML gray, sandy SILT
MW- 5 S-15 149.0 - 150.5 9.7 SM gray, si}ty SAND with gravel
MW-5§ S-16 159.0 - 160.5 224 53.7 |46.3 | 1.8 SM gray, silty SAND
MW- 5 S$-17 169.0 - 170.3 16.5 ML gray, SILT with gravel
MW-5 S-18 179.0- 180.5 26.8 40 26 0.0 [100.0| 4.0 ML gray, SILT
MW-5 S-19 189.0 - 190.0 23.8 ML gray, SILT
Notes: 1. This table summarizes information presented elsewhere in the report and should be used in conjunction
\ with the report text, other graphs and tables, and the exploration logs. J
) . SUMMARY OF
H\E‘ Brightwater Project MATERIAL PROPERTIES
| King and Snohomish Counties
. ) PAGE: 10f3
HWAGEOSCIENCES INC. Washington
PROJECTNO.: 99153-490 FiGURe:  A-6.14

99153 99153480.GPJ 4/29/02
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S5 5 = E z 3| & | B | . g o} >
EE [o] 7] 7] 8A o I -4 w s 5 ] (8] <O
§ < o o -4 -4 f o b o | = w &) O
4 W @ w ] Svo z 9 = [G] - Q > [a) n = n =
S0 & o (=] dSo Z € 4 [a) e 4 w =z 7]
gp | %2 El g | 2| B2 88| 2| <| 5| R|B|3F|2| 3 28
] < =3 = %] i
58 | 32 DEPTH (f) s 1=z | & | 35| 8 | E | S| 3 |=|w|=| | 23 SAMPLE CLASSIFICATION
MW- 5 S-20 199.0 - 200.5 19.2 591 51 23 01 }22 {977 56 CH gray, fat CLAY
MW- 5 S-21 209.0 - 209.4 8.2 SM gray, silty SAND with gravel
MW- 5 §-22 219.0-219.9 10.2 ' ] SM gray, silty SAND with gravel
MW-5 S-23 229.0 - 229.0
MW-5 S-24 237.5-239.0 20.9 0.2 |838 |16.1 [ 1.0 SM | gray, silty SAND
MW-5 S-25 245.0-245.4 9.1 SM gray, silty SAND with gravel
MW- 5 S-26a 249.0 - 249.5 18.6 SM gray, silty SAND
MW-5 5-26b 2495 - 250.5 18.6 CL gray, lean CLAY
MW-5 §-27 254.0-254.4 12.4 ’ SM gray, silty SAND with grave!
MW-5 S-28 259.0 - 259.5 12.6 ) 4.6 {486 |46.8 SM gray, silty SAND
MW- 5 S-29 265.0 - 265.3 10.5 ' SM .gray, silfy SAND with gravel
MW-5 S-30 269.0 - 270.0 135 SM gray, silty SAND with gravet
MW- 5 S-31 275.0-275.3 - 39 7141232 | 54 GP-GM | gray, poorly graded GRAVEL with silt and sand
MW-5 S-32 277.0-301.0
MW- 5 S-33 285.0 - 285.5 13.2 " 425 2141642 (145 | 1.2 SM gray, sifty SAND with gravel
MW-5 S-34 289.0 - 289.0
MW- 5 S-35a 295.0 - 296.0 20.2 SP dark gray, poorly graded SAND with gravel
MW-5 S-35b 296.0 - 296.3 8.8 ) SM gray, silty SAND with gravel
MW-5 5-36 299.0 - 299.9 9.1 ) 35,6 156.3 | 8.0 SP-SM | gray, poorly graded SAND with silt and gravel
MW-5 §-37 305.0 - 305.9 7.9 ) Sw gray, well graded SAND with gravel
Notes: 1. This table summarizes information presented elsewhere in the report and should be used in conjunction
\ with the report text, other graphs and tables, and the exploration logs. )
' ) . SUMMARY OF .
H‘M‘ | Brightwater Project MATERIAL PROPERTIES
\ King and Snohomish Counties
. PAGE: 20of3
HWAGEOSCIENCESINC. Washington |
PROJECTNO.. 99153-490 FIGURE: A-6.15
99153 99153490.GPJ 4/29/02
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= | 81§ 5 | E_ g
ZzZz i Nl g E R ‘B g — =
22 sl 515 | 6. 8215 5] 8|, 81 L&
sk @ 3] 2 2 S| K1 & o = o | o o| O
z W p i i =0 z9! & Q = 1 zlola Zl 25
9o zo u E o 22| 8§ 4 < S HClel|lz2l2| 2] =9
(7] =2 > Q% O = %) B T O] =g
et 532 DEPTH (ft) g 2 5 2E| 55| 8 | & g 2l || = 5| <o SAMPLE CLASSIFICATION
MW- 5 S-38 309.0 - 310.0 7.8 sSw gray, well graded SAND with gravel
MW- 5 S-39 315.0 - 3159 10.3 4491482 } 6.9 SP-SM | gray, poorly graded SAND with silt and gravel
MW-§ S-40 319.0- 320.0
MW-5 5-41 325.0 - 325.0 7.5 SW-SM | gray, well graded SAND with silt and gravel
MW-5 S-42 329.0 - 329.0
MW- 5 S-43 335.0 - 335.0
MW-5 S-44 345.0-346.4 26.3 622 35 26 4.6 ML dark gray, SILT
MW-5 S-45 349.0 - 349.0
- Notes: 1. This table summarizes information presented elsewhere in the report and should be used in conjunction
\_ with the report text, other graphs and tables, and the exploration logs. )
, . SUMMARY OF
HWA- . orightwater Projet MATERIAL PROPERTIES

King and Snohomish Counties

I"IWAGEOSCIENCES INC. Washington : PAGE: 3 of 3
PROJECTNO.. 99153-490 FIGURE: A-6.16

99153 99153490.GPJ 4/29/02
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Project: CSI Brightwater

Project Location: King and Snohomish Counties

Log of Boring MW- 6

HWA

Contract Number: E83004E Sheet 1 of 7
Date®  1/11/02 - 1/23/02 Geotechnical HWA GeoSciences Inc. By09°d  BKH, MBB grecked  mLrisEs
Drilling Method/ Rig Type ~ Becker Hammer Drill/ TrugkQrind Layne Christensen Company Total Dopth 360.5 feet
gig_i/?rl:lpe Dual Wall Reverse Circ. Hammer WeightlDrop. (Ibsfin.) 300#, 30" Sg;’;}%g}g;atﬁ; 314 feet / NAVDSS
Location  North east of 1-5/SR 14 l/C Coordinates N. 47.77785 W. 122.31449 Elevation Source  Plan
SAMPLES
- : o
c c .
S ) P 213 o |, | ®
® £ 5 = Pl I MATERIAL DESCRIPTION 3 B | oy REMARKS AND
3% S%le €| ¢ 3| 513 S5 | & |28 OTHERTESTS
wd ScEE 5| S 13|8|a 88 = g2
olFE_Z BZ | |G| D oo | 3 |=0
| T | Medium dense, brown, fine to coarse gravelly, fine to
coarse SAND, moist. 1 \
. - (RECESSIONAL FLUVIAL, Qurf) °
—310 R -
54 L
) 4-6-7 i
300 E -
15— L
= os2 | SU5 | 100 - s
20 - (100+) Very dense, olive gray, fine to coarse gravelly, silty, M 56
[~ fine to medium SAND, moist. SA
b {(GLACIAL TILL, Qvt)
- | Loose to dense, brown to brown gray, slightly silty to
290 4 | silty, fine SAND, moist to wet.
25+ = (GLACIAL FLUVIAL, Qva)
7 6-4-2 i :
308 3 | O@? | 10 - M40
—280 8 -
35—_ |~ Water present”
T 6-12-21 i 255
a0 W s4 8125211 100 L R M
4 P ~\\
- ~ 2
- 4
L §
270 . - %
45— - &
] [ N
! : %
so-m _ [1-1-9 d M [312

HWAGEOSCIENCES INC.

Fiqure: A-7.1
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Project: CSI Brightwater

Project Location: King and Snohomish Counties

Log of Boring MW- 6

Contract Number: E83004E Sheet2 of 7
SAMPLES
5 I o 5o 2
"§ £ s 12 =l MATERIAL DESCRIPTION E’é ﬁ Qo REMARKS AND
2% B8le | % g |58 65 | © |£8| OTHERTESTS
we o0lig 5| ez [ §| 8| @ o5 | 2 |55
sod- Z | @ Z|le|{a|> gdn | 3 |30
ml S5 a0 100 | % §
—260 a i i
55— SM | Very dense, gray, interbedded fine to medium SAND _|
i and SILT, moist to wet. _
b 3 (NONGLACIAL FLUVIAL, Qpnf) .
g | Abundant wood chunks present. -&
60;{21 S-6 " :';322 " | 100 I I _\é M | 20.2 |Vibrating Wire Piezometer
J €0 SP- | Dense, rustmottled gray, very fine gravelly, slightly | SA 3/27/2002 61 #7
| SM silty, coarse SAND, wet. ] § =
250 - I % &
: ; cL Very stiff, green gray and dark gray, lean CLAY, ~ §
@ s7 |6-9:12| 400 " moist. Laminated with many interbedded thin light 7} M—F26.4 1/30/2002 69.4 £tV
70 (21) — gray, fine sand and silt lenses. - Q SA
J AL
a cL _\ (NONGLACIAL LACUSTRINE, Qpnl) /: HA
4 | Hard, dark gray to green gray, fine sandy, lean |
240 i | CLAY, moist to wet. Organics present. B &
75— - | “Q
| - W% %
i 8-16-25 / r § %
soJi] 5 | (@57 100 % - —§ %
85— - —% %
. 13-26- - ﬂ% %
S-10 3 00 M |[28.2
SO—E] (sg) 1 / — 7% % SA
1 F 1
- / - _{
—220 E - §
95— / - -
T <1 |5-9-13 / r I M |267
1°°‘E] STy | 100 / ~ —% % SA
b o . AL
J L 4 HA
210 : cL Hard, green gray, fine sandy, Lean CLAY, moistf. ]
105 " Organics, wood and charcoal fragments present.

HWA

HWAGEOSCIENCES INC.

Figure: A-7.2
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Project: CSIl Brightwater

Contract Number: E83004E

Project Location: King and Snohomish Counties

Log of Boring MW- 6
Sheet 3 of 7

SAMPLES
- : o
S ) P 213 Bo | , | #
® £ 51 — Tl MATERIAL DESCRIPTION g 5|7 |eg REMARKS AND
5% §Blo 2| 2 21518 S5 | - |22 OTHER TESTS
me oole E S~ 9 o | ® 35| 2 {65
Szl @€ |&|8]|3 an | 8 |28
i 7-12-26 r i M |17.0
110-J8] 512 |7~ 14529 100 - = § SA
b r b < AL
200 . / - Q
115 — —
] 13 i Z% % M | 260
J : -% %
7-13-18 M | 194
S-14 100 - _
120__E| @Y | Large wood chunk present. i }S\'l‘_\
J | N HA
] | Trace fine to coarse sand present in siif. ]
—190 4 - —% %
125 - —% §
7-12-16 I ) % M |198
130 Bl s.15 (28) 100 | _4% SA
’ 7 »
4 S-16 n =
ML Hard, fine to coarse gravelly, fine to medium sandy, _% M 9.2
180 135 T [ SILT to CLAY, contains some thin clay layers, moist. ] SA
. L (GLACIOMARINE DRIFT, Qpgm) % % HA
T _ 19 - 50/5 I b M | 181
140-18 S17 | T(106+)” | 100 = —% % Sh
] r- -%. %
—170 - L ]
145 — —
] [ Dark gray, silty fine SAND, wef. . 1 %
1 - (GLACIAL FLUVIAL, Qpgf) »
1 20-28- / n
- Hard, dark gray, slightly fine sandy, lean CLAY, _‘Q M | 186
150@ s-18 (gg) 100 / L - moist. Trace fine gravel. Some light gray banding. i iﬁ
. / - (GLACIOLACUSTRINE, Qpgl) . HA
] ML Hard, dark gray, fine to coarse gravelly, fine to coarse |
160 155 7 | sandy, SILT, moist. Some cobbles present.
b - (GLACIAL TiLL, Qpgt) E %
i ML Hard to very dense, dark gray, fine sandy SILT to” i
] I silty fine SAND, becomes more clayey with depth, . Standpipe Piezometer
160 _!E S-19 3?1 605%6 100 : moist to wet. Trace coarse sand. _‘ _sh& 213 312772002 160 RY
- L (GLACIOLACUSTRINE, Qpgl) _% HA 1/30/2002-160-58-8
—150 E - -§
165 - —Q

HWA

HWAGEOSCIENCES INC.

Fiqure: A-7.3
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Project: CSl Brightwater
Project Location: King and Snohomish

Counties

Log of Boring MW- 6

Contract Number: E83004E Sheet 4 of 7
SAMPLES
c £ ®| 8 -
o R © R so | , R
© £ 51 = e MATERIAL DESCRIPTION g‘g T |eg REMARKS AND
58 3Ble £ £ 2|88 S§ | © |22| OTHERTESTS
we ofg 5| 8 | 8§ 8|2 35| 8|88
=~ z| @€ |e |60 | D tw | 8 |=0
170_’@ §-20 2?1632;6 100 N ;% % sh':\ 143
—140 E : -% %
175 B RS
180 s21 | G089 | & B _ | M |19.7
i cL Hard, dark gray, lean CLAY, moist. 110 ﬁﬁ
130 B + _-:':. -:-:.
185 L IR
] I 1] b
W 7-16-18 - T4
190 s-22 |7 1558 100 - RN
J L 4.7 |1 AL
. 3 4] ) HA
1-120 i / | |
195+ - —% %
R W S
S-23a 100
200 s23| @2 100 = . M | 261
I s-23¢ 100 L ] SA |303
AL
1 i 1 DD
4 i % § M
—110 E i = i
205 I a% §
] Z I i
| cL Very stiff, dark gray, slightly fine to coarse gravelly,
6-8-12 [ fine to coarse sandy, lean CLAY, moist. 1 ]
210~E] $-24 | "75g) © | 100 — Y - M 1200
. / L (GLACIAL TILL, Qpgt) -
100 . / L % %
215 - —
: | Very dense, gray, clayey SAND with gravel and i
cobbles, moist.
J L .
9 8-50/5 - .
220_@ §-25 | {160+) N _% % M |os
] ~ -% % )

HWA

HWA GEOSCIENCES INC.

Figure: A-7.4
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Project: CSIl Brightwater
Project Location: King and Snohomish Counties
Contract Number: E83004E

Log of Boring MW- 6
Sheet 5 of 7

SAMPLES
- : o
k5 . (f ¥1s o | .| =
T £ s~ el o MATERIAL DESCRIPTION g‘g Ry REMARKS AND
3% BEle € 2 2|8 l8 ' s§ 12 |22 OTHER TESTS
u Q@ Nne la £ B~ 3] [ b7 3 - o |2
b hall BN,/ == Q = 25 @ |20
2051 pd o< r | O | D aw | aJ =0
i ) cL Hard, dark gray, fine to coarse gravelly, fine to coarse |
| sandy, lean CLAY, moist. Cobbles present. % %
. - (GLACIOMARINE DRIFT, Qpgm) .
W s2s | 38° | 100 I | %
zso—q &) N —:§ %
-80 : L g %
12-25- L _
235Tg1s27a | 38 | 100 §
$276| (73) ]100 - i M |207
- T SA
| YR E
10-40- - .
5-28 N M |16.4
240 ] (gg) 100 - % % AL
70 245 13.18- i _’§
s-20a| 27 | 100 ~ M |18.1
=ls20b| (45 | 100 - . SA |49
S-29¢ 100 L _% % aL |17
_ L 4 HA
M
. 9-15-22 r T SA
S-30a 100 18.8
3
250‘_@5'30" €D {100 7 CH | Very stiff, dark gray, fat CLAY, moist. Light gray SILT | % M 1164
/ | partings. AL
i / L - SM
i L . A
80 ] 12-18 / I % % HA
255 s31c| 23 | 100 - .
imis31a| (41) | 100 - . M |19.8
4 .
§-31b 100 :”j\‘.‘ GP [ Gravel present in cuttings. -% flﬁ 18.7
L4 Cd -
- 2 d, 7 - M
. 10-19- 5o - _% % SA
8-32a 25 100 ¢, 2 ] AL 16.3
260—_@ sab| @ 100 2%3 ] DD |216
] e | i Sh
] SERN L % % A
—50 1 ke - ] SA
265 5-33a (9~ 18,21 100 S0 = "§ M |207
=i $-33b 100 [o's &6 - Q AL {218
{833 100 L2=.4 | 1 M|
] S i i SA
L .‘ M
- ,.;“ L .
L 8-12-16 Pk _§ M [19.8
270—@ S-34 (28) 100 :{S:‘ = \z AL
] e - 1
- IS 2
- ‘.l. - -
40 j 10-14 :':j::‘ i |
2751ms35a| 14 | 100 |25 - 7] M |246
mls.35h | (28) | 100 (75 4 L . sa |
1™ s-35¢ 100 {24, L i} HA
i c"::o‘ L )
= 5-36a 971217 100 B Very stiff, dark gray, fat CLAY, moist. & M 210
280-{=ls36b| @9 | 100 % CH | Verystifl dark gray, - mos = Q SA |218
1 S3¢6e 100 / - (GLACIOLACUSTRINE, Qpgl) % % ER
. /A ! NN

HWA

HWA GEOSCIENCES INC.

Figure: A-7.5
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Project: CSI Brightwater Log of Boring MW- 6
Project Location: King and Snohomish Counties

7-9-13
22) 100

A\

[

M 1178

S-44b 100

S-44c | 6-2-221 400 / -
320-ms44a| ©V |100 / -
Y,

20

Contract Number: E83004E Sheet 6 of 7
SAMPLES
g £ ®| & 5 o 2
£ < I I MATERIAL DESCRIPTION 85 | £ (23| RemARksAnD
8% S%lo 2| 2 z|519 s5 | 2 (28| OTHERTESTS
e olle 5| 32 (8| 8| o 25 | 2 [2§
= ZzZ| @€ || O |D aw | 8 |20
u | ” i ] DD
% 285 7-12.13 % L _ § AL
| g:g;g 25) }88 / i ] \é M | 260
S-37b 100 / i % % S/ 304
; i | HA
. 7-10-13 / L i M
S-38 100 SA
290—%8-38% @) 100 / - - RS
~'5-38¢ 100 / i % § SA
: B NNE
20 205 / - ;% % bD
W . [5-8-10 100/ § M (292
B S |7 1g / I ¥ el
: | S
- 5-8-13 / L -%
3001 s40p| @D | 109 / - —§ Q M |303
4 S-40c 100 / L Q % iﬁ
1 - 1 DD
_.10 . { ..
3051 ol / = -
s41 |7 (30)11 100 % L _% % QM,L\ 27.2
: | 4% %
{ sa2a [7-10-13] / L 1
o= edm| @ |10 / - - M |23
I™s-42¢ 100 / L § % AL
4 / L 4 DD
/ I ‘Q HA
% M |285

S-45 Dense, dark gray, sandy, fine to coarse gravel, moisf. | '::‘
| Gravel is sub-rounded to sub-angular. SA
--10 4
325 {(GLACIAL FLUVIAL, Qpgf) Va
£ 846 Very dense, dark gray, fine to medium SAND, wef. | sh'k 18.0
] | Trace fine sub-rounded gravel and coarse sand. _
) (GLACIAL FLUVIAL, Qpgf) %’
330 N s47 -
1 s4s i M 30.2
20 - ‘%
33513 "§ M 182
14 s-49 - M8
] 1
340 |
4 .

HWA

HWAGEOSCIENCES INC.

Figure: A-7.6
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Project: CSI Brightwater

Project Location: King and Snohomish Counties

Log of Boring MW- 6

Contract Number: E83004E Sheet 7 of 7
SAMPLES
- . o
5 ) £ ®15 ol .1 =
® £ 5 | = Foll B MATERIAL DESCRIPTION OF | % | @ REMARKS AND
>0 G a @ i1z |w EE| @ |5%
e oofe E = alal|l o Og | F |52 OTHER TESTS
e Nl B~ o © ¥ | a |86
> 3 L= ] s \n 9G < | ©9o
= Z m< [ O s av -4 |20
T s-s0 i T-H| m |305
- F 1K SA
—-30 E - 1. K-
5 s - TH
S52 3(-1 c1)8+°§5 Bl M |214
| Hard, dark gray to olive gray, lean CLAY to clayey = SA
" SAND, moist. Upper 1 foot portion is very gravelly. 1=
$-53 I 1.9 ™M |164
350 g - (GLACIOLACUSTRINE, Qpgl) 1+ B iﬁ 324
- T .
8-55 | 1831 Aa
/ B
: I 1T -EH-1 sA
-40 §-56 / L IN=9
355 . - — H-
1 S-57 CL- | Verystiff, dark gray, slightly fine sandy SILT, moist. “H- M (279
] ML | 1=
Tl g |4-9-19 r THE ] m |72
360—@ S58 | "2y | 100 - SA
: | Bottom of boring at 360.5 feet. : : i HA
[ 2" piezometer installed from 340 to 360 feet bgs.
1 [ Vibrating wire piezometer installed at 180 feet. b
- 50 4 L 4
365 — |
370 - —
- 60 4 L 4
375 — —
380 - —
.70 i L 4
385 - —
390 — —
—-80 - L B
395 - -
400

HWAS

HWAGEOSCIENCES INC.

Fiqure: A-7.7




4 = )
- 2
2 — g
< ; w E
E| o1 g§| & | § ¢ Z
z & s g = 3% % 2 £ &
08 e | E|E| 2 | 8 8|2 | & g &
73] — z 53 35 =
EE o S| 2|2 | 3| eE| 8 |49| 2| 3| S| 82
z W o w i bR ZQ ® U] - Q > o (4] = D=
00 g a fa) 5o z = fa) [ =z w z 7
== o o [ =g QG w z = e é g 4 < =
o | 23 s | bl ox ge| 221 5| | 3 S|1e|lalc| & 83
a8 &2 DEPTH (f) 2 2 =) aE | SKEl o & S g |2 ||| 6| <0 SAMPLE CLASSIFICATION
MW-6 S-1 9.0-10.5 6.9 SP yellowish-brown, poorly graded SAND
MW- 6 S-2 19.0-195 5.6 28.9 1489 | 223 SM olive-gray, silty SAND with gravel
MW-6 s-3 29.0-30.5 24,0 SP-SM | brown, poorly graded SAND with silt
MW-6 S-4 39.0 - 40.5 25.5 SP-SM | grayish-brown, poorly graded SAND with silt
MW-6 S-5 49,0 -50.5 31.2 SP-SM | grayish-brown, poorly graded SAND with silt
MW-6 S-6 59.0-60.5 20.2 32 1885 | 8.3 SP-SM | dk. olive-gray, poorly graded SAND with silt
MW-6 S-7 69.0-70.5 26.4 576 33 22 0.0 |100.0f 5.4 CcL olive-gray, lean CLAY
MW- 6 S8 79.0-80.5 CcL olive-gray, lean CLAY
MW- 6 S-9 80.0 - 80.0 CL olive-gray, lean CLAY
MW-6 S-10 89.0 - 90.5 28.2 98.5 ML olive-gray, SILT
MW- 6 S-11 99.0 - 100.5 26.7 352 28 22 10.7 |89.3 | 8.2 CL dk. greenish-gray, lean CLAY
MW- 6 S$-12 109.0- 110.5 17.0 33 22 0.1 1999 [ 4.6 CL light gray, lean CLAY
MW-6 S-13 117.0-117.0 26.0 CL dark olive-gray, lean CLAY
MW- 6 5-14 119.0 - 120.5 194 201 36 21 20 {9801 50 CL olive-gray, lean CLAY
MW-6 S8-15 129.0-130.5 19.8 90.4 CL greenish-gray, lean CLAY
MW-6 S-16 133.0-133.0 9.2 11.8 1 23.1 | 65.1 ML It. yellowish-brown, sandy SILT
MW- 6 S-17 139.0 - 140.0 19.1 839 CcL gray, lean CLAY
MW-6 S-18 149.0 - 150.5 18.6 42 22 42 1958 | 35 CL olive-gray, lean CLAY
"MW-6 S-19 159.0 - 160.0 21.3 104 | 89.6 ML olive-gray, SILT
MW- 6 S-20 . 169.0 - 170.0 14.3 87.5 CL gray, lean CLAY
Notes: 1. This table summarizes information presented elsewhere in the report and should be used in conjunction
k with the report text, other graphs and tables, and the exploration logs. Y,
Briahtwater Project SUMMARY OF .
/ n walter rrojec
HM . g ol . MATERIAL PROPERTIES
King and Snohomish Counties
. PAGE: 10f5
HWAGEOSCIENCES INC. Washington
: PROJECTNO.:  99153-490 FIGURE: A-7.36

99153 99153490.GPJ 4/30/02



= )
= 2
13 o~ —_ g
< (™ ; ) =
= O ) E E -3 Lzu z
3% x| S| & |38 8|8 . | &
&3 | E| &£ | & | 82| &8 .| & g| &
= E (o} 1%} 7] o< oL p-4 w s 3 = o N
s x O -4 b4 > TR o) ] 2 o o 58
z w55 o ui u =9 Z91 & o - o = o 4 = D=
S g o a S Z Z o Elxlz|Y Z @
zo | $%8 E | g > 52| 8| | = | 3 2 | 5|5|5] &| 22
w < [=) = %] [nd
da | §2 DEPTH (f) g z | & £ 551 8|1 & | 8 =] =|=]| &| 23 SAMPLE CLASSIFICATION
MW- 6 5-21 179.0-179.9 19.7 12.3 | 87.7 ML gray, SILT
MW-6 S-22 189.0 - 190.5 204 45 22 2.1 979 CL gray, lean CLAY
MW- 6 S-23a 199.0 - 199.5
MW-6 S-23b 199.5 - 200.0 26.1 1228 | 974 8.7 45 23 95.8 cL dark gray, lean CLAY
MW- 6 S-23c 200.0 - 200.5 30.3 CL olive-gray, lean CLAY
MW-6 S-24 209.0 - 210.5 20.0 CL olive-gray, lean CLAY
MW- 6 S5-25 219.0 - 220.0 9.9 19.4 | 36.1 | 445 SC gray, clayey SAND with gravel
MW- 6 S-26 229.0 - 230.5
MW- 6 §-27a 235.0- 236.0
MW- 6 $-27b 236.0 - 236.5 20.7 126.7 | 105.0 6.8 06 |99.4 CL mottled gray & dark gray, lean CLAY
MW-6 S-28 239.0 - 240.5 16.4 44 19 CL gray, lean CLAY
MW- 6 S-29a 2450-2455 18.1 47 20 09 | 49 |94.2 CL olive-gray, lean CLAY
MW- 6 $-29b 245.5-246.0
MW- 6 S-29¢ 246.0 - 246.5 174 93.2 CL dark gray, lean CLAY
MW-6 S§-30a 249.0 - 250.0 19.8 48 21 95.2 CL gray, lean CLAY
MW-6 S-30b 250.0 - 250.5 16.4 ' 848 23 (91 1886 | 40 CH gray, fat CLAY
MW- 6 S-31c 255.0 - 255.5
MW- 6 S-31a 255.5 - 256.0 19.9 915 23 | 6.0 (918} 32 CH dark gray, fat CLAY
MW-6 S-31b 256.0 - 256.5 187 | 1239 | 1044 44 18 91.0 CL dark gray, lean CLAY
MW- 6 S-32a 259.0 - 260.0 16.3 38 18 86.7 CL dark brownish-gray, lean CLAY
Notes: 1. This table summarizes information presented elsewhere in the report and should be used in conjunction
\ with the report text, other graphs and tables, and the exploration logs. Yy,
' Briahtwater Proiect SUMMARY OF
/\ I walter rojec -
m =g roleet MATERIAL PROPERTIES
King and Snohomish Counties
. PAGE: 20of5
HWAGEOSCIENCES INC. Washington
PROJECT NO.:  99153-490 FIGURE: A-7.37
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4 : A
oy 2
19 P =~
< [ ; o [
[ 1 5 e x 3 & =
Zz w N g = 3% 2 2 = o
28 2B |5 8.l 22| 215y & 81 %
] = z s = =
35 o 3 2 2 STl PE| 6| 94| 2| 2O ol B8
95 | =8 = | 8| 8| 35 28| g2 2| elzle|8|z2 2
Q © ul 2o [e] ] a
s | 33 S| B | x| Bp| SE|&|:| 3| 2|88 &8 53
wo | §2 DEPTH (f 3 | & oE | S| o | & | 3 g |=i=|=x| 5] 20 SAMPLE CLASSIFICATION
MW- 6 S-32b 260.0 - 260.5 21.6 1.7 | 8.0 |90.3 CL gray, lean CLAY
MW- 6 S§-33a 265.0 - 265.5 20.7 49 24 CL gray, lean CLAY
MW- 6 S-33b 265.5 - 266.0 216 ) 97.7 CL gray, lean CLAY
MW-6 S-33c 266.0 - 266.5 983
MW-6 S-34 269.0 - 271.0 19.8 49 23 CL dark gray, lean CLAY
MW- 6 S-35a 275.0-275.5 246 0.0 [100.0 CL gray, lean CLAY
MW- 6 S-35b 275.5-276.0
MW- 6 8-35¢ 276.0 - 276.5
MW- 6 S5-36a 279.0-279.5 21.0 128.7 106.4 9.1 0.0 [100.0 CH gray, lean CLAY
MW- 6 S-36b 279.5 - 280.0 21.8 1255 | 103.0 5.7 31 20 CL dark gray, lean CLAY
MW- 6 S-36¢ 280.0 - 280.5 '
MW- 6 S8-37a 285.0 - 285.5 26.0 1180 79 25 0.0 (100.0| 54 CH gray, fat CLAY
MW-6 §-37¢c 285.5 - 286.0
MW-6 S-37b 286.0 - 286.5 304 99.9 CH dark olive-gray, fat CLAY
MW- 6 S-38a 289.0 - 289.5 25.0 100.0 CL dark gray, lean CLAY
MW- 6 S-38b 289.5 - 290.0 29.1 84.3 65.3 74 26 0.0 {100.0 CH dark gray, fat CLAY
MW- 6 S-38c 290.0 - 290.5
MW- 6 S-39 295.0 - 297.0 29.2 84 27 97.4 CH dark gray, fat CLAY
MW-6 S-40a 299.0 - 299.5 CH dark gray, fat CLAY
MW- 6 S-40b 299.5 - 300.0 30.3 | 1218 | 935 1070 13.2 70 27 0.0 [100.0| 4.6 CH dark gray, fat CLAY
Notes: 1. This table summarizes information presented elsewhere in the report and should be used in conjunction .
with the report text, other graphs and tables, and the exploration logs.
\. . J
Briahtwater Proiect SUMMARY OF
/\ T waler r’rojec
Hm =M rolect MATERIAL PROPERTIES
King and Snohomish Counties
. PAGE: 30of5
HWA GEOSCIENCES INC. | Washington |
PROJECT NO.:  99153-490 FIGURE: A-7.38
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4 = N
- 2
3 = =
< [ : iy =
5 O T 5 & 8 & z
L) G 1 S = G =
r w N = 5| B o Z ]
95 g = E 3 82| & o — E 5 E
ZE Q @ 7] 8= aT| z w s 20, O ¢
3« @ o z z °=| k| © = = S| T o | ©| Ok
SZ W @ i o =3 z291 & 9 elzlel 8| 2| 25
A EE Bl g |z | 32|88 ¢£|2|5| 58 |5|3/2|3|3z2%
ul < [} 14 = (] %] T8 5
o] 5z DEPTH (ft) z 2 & RE| 55| 8| E S 2| e | e = 5| 2o SAMPLE CLASSIFICATION
MW- 6 S-40c 300.0 - 300.5 CH dark gray, fat CLAY
MW- 6 S-41 305.0 - 306.5 27.2 68 24 1000| 6 CH dark gray, fat CLAY
MW-6 S-42a 309.0 - 309.5 265 | 1241 | 98.1 121 53 25 0.1 (99.9 CH dark gray, fat CLAY
MW- 6 S-42b 309.5 - 310.0 CH dark gray, fat CLAY
MW-6 S-42¢ 310.0- 3105 CH dark gray, fat CLAY
MW-6 S-43 315.0-316.5 28.5 100.0 CH olive-gray, fat CLAY
MW-6 S-44c 319.0-319.5
MW- 6 S-44a 319.5 - 320.0 17.9 41 20 4.3 |95.7 T cL gray, lean CLAY
MW- 6 S-44b 320.0 - 320.5 CH dark gray, fat CLAY
MW-6 S-45 322.0-323.0 20 65.9 1275 | 6.5 GW-GM | gray, well graded GRAVEL with silt and sand
MW- 6 S-46 325.0 - 326.0 18.0 53 1922 25 SP dark gray, poorly graded SAND
MW-6 S-47 329.0 - 330.5
MW- 6 S-48 331.0- 3320 30.2 1.2 sp dark gray, poorly graded SAND
MW- 6 S$-49 335.0 - 336.0 18.2 146 1821 | 3.3 SP dark gray, poorly graded SAND
MW-6 8-50 342.0- 343.0 305 05 |96.7 | 2.8 sP dark gray, poorly graded SAND
MW-6 S-51 345.0 - 346.0
MW- 6 S§-52 346.0 - 347.0 214 0.1 {988 | 1.1 SP dark gray, poorly graded SAND
MW-6 S-53 349.0 - 350.0 16.4 37 17 | 428 {141 | 43.1 GC dark olive-gray, clayey GRAVEL
MW- 6 S-54 350.0 - 351.0 324 61.1 CL olive-gray, gravelly lean CLAY
MW- 6 S-55 351.0 - 352.0 SC olive-gray, clayey SAND with gravei
Notes: 1. This table summarizes information presented elsewhere in the report and should be used in conjunction
\_ with the report text, other graphs and tables, and the exploration logs. .
_ _ SUMMARY OF.
HM Brightwater Project MATERIAL PROPERTIES
) King and Snohomish Counties
. PAGE: 40of 5
HWAGEOSCIENCES INC. Washington
PROJECTNO.:  99153-490 FIGURE:  A-7.39
99153 99153490.GPJ 4/30/02




r = N
— &
3 - = <
< ™ : ) =
[ O i E E 3 uzJ z
z & | S| & | 35| 5|2 El &
G5 Sl E|E| &8 | 82 &1 2] | § | &
= (o] D 0 o= o T -4 w = 5 ) [8) - J
35 " 5} z z sl eh| 9| 3 5 olS|lalagl| 2| &
o 5w & a Zz| 9 = o = z |w| 2 @
9o ] i a) S22 6% u o) Eie2| 2|z | =9
8 | 23 S| b | g | Be| gE|& s 3 2|&|2 |58 &3
) &2 DEPTH () S S o 2E| 35| 8 & S & | ® | | o 6| <O SAMPLE CLASSIFICATION
MW- 6 S-56 353.0 - 355.0 SC gray, clayey SAND with gravel
MW-6 S-57 355.0 - 356.0 279 3.3 (96.7 ML dark olive-gray, SILT
MW-6 S-58 359.0 - 360.5 27.2 04 |99.6 ML dark ofive-gray, SILT
Notes: 1. This table summarizes information presented elsewhere in the report and should be used in conjunction
L with the report text, other graphs and tables, and the exploration logs. )
SUMMARY OF
HW Brightwater Project MATERIAL PROPERTIES
\ King and Snohomish Counties s
. PAGE: 50f5
HWA GEOSCIENCES INC. Washington
PROJECTNO.:  99153-490 FIGURE: A-7.40
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Project:

Contract Number:

Brightwater Project

Project Location: N. King County/S. Snohomish County

Log of Boring BW-4
Sheet 1 of 4

{ ver.1.1 Jan02RWSP-RWSP.GLB-21-08933.GPJ} INAPP\GINTW\PROQJECTS\21\21-08933.GPJ  5/1/02

Date(s Geotechnical Logged Checked
pate(s) 1272801 - 1/11/02 ST SHANNON & WILSON By XDH/BMP By TWH
Driling Method/ Rig Type  mud rotary/ Mobile B-59 822§?gctor Geo-Tech Explorations, Inc. Z?gégﬁg}g 366.4 feet
Drill Bit . . . . u Ground Surface
SizelType 6-inch Tricone Hammer Weight/Drop (Ibs/in.) 300#/30 ElevationDatum 368 feet / NAVDSS
Location  228th St/Hwy 99 Coordinates N 292703.0 E 1270572.0 Elevation Source  Topo
SAMPLES
S— c * §’ o) ®
= y PP 73 o
5 < 51 2 gl o MATERIAL DESCRIPTION 28 | g |gg| REMARKSAND
§ 5 %o .g ‘;" 3 s 8 Qo ~ -3.“3 OTHER TESTS
e olfje 5| 6 | 8} 8| o o5 | 2 |55
oJE_Z | @ 2 |lclo | > e | 3|20
sl | Very dense, gray-brown, slightly silty, fine to 1-
T medium SAND, trace of gravel; moist to wet; Z
7 [ scattered gravelly layers; SP-SM. (Qva) T
—360 . - 4
10 1 50/5" 0 ~ =
_ — - /
T B T 7
] i 2 v
20 2 |9u105" | 89 N AW m|s7
] L 4 7%
i | i 7
—340 1 ; I b
30—+= 3 58/6* | 100 |: — Bl M [11.9
J - 7 SA
1 I y %
b r 1 7
ZR%
01 4 50/5" | 74 ~ _é 2 m |18
4 - 7% :
- | 1
- : 1
—320 E - i
50= 5 5716 | 98 — N M | 96
7 i D D snl”
] i 170
: i 7
1 i % %
60—= & 87/6" | 100 = _% A v |18
i i ] ?
_ [ 1
| § 7 ;5
—300 b = 4 %9
//
70+= 7 | 656" | 0 = i 7%
~ - il
] i 2 0
_ v
L %/
L - -1 7
80—= 8 54/6* | 100 — _% ?
] i ] / é M [15.1
U
4 L i %
] [ 7
VWP1 2/26/2002 87.37 ft ¥
280 . - 2% 2 -
90—+ 9 8s/6" | 0 - A U
- - - %
100 /

Figure: B-3.1
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Project: Brightwater Project Log of Boring BW-4
Project Location: N. King County/S. Snohomish County .

Contract Number: Sheet 2 of 4
SAMPLES
g - E O\o. §) §..9 %) R
‘§ £ s 2 - MATERIAL DESCRIPTION g‘g 7 e REMARKS AND
P -— o
3% 5%|g €| 2 2| &8 Sc |- |g2| OTHERTESTS
ur & (M8 & 3 o 2 P g w 25 [l o0
100 = Z o< | G| > oo | J |20
= 1 ggreT | 38 | Very dense SAND; SP-SM (cont.) (Qva) ] ] M |18.0
i L 4 %
- F Very dense, gray-brown to gray, silty, fine SAND; 1 %
260 4 L wet; grades finer with depth, abundant wood N
1045 11 50/4.5" 83 | _ fragments at bottom; SM. (Qva) _ ; w l230
: [ a0
120—_:: 12 | s0/3" | 42 B 7] M | 231
240 1 - ]
130—_:1 13 | 50/3" | 42 N ] 7 M 207
4 L . 7z
140—= 14 | 114/6" | 67 ~ 7] M 237
4 - vy SA
. - . AL
i L . g
-220 . - Y 2
15042 15 | 50135 | 52 N 8% M 271
] I i /
160m 16 | 504" | 83 - 7] 7 A M | 219
i L 3 v
| L s %
200 . - . 7
170-_:1 17 | 150/5.8* | 100 [ __ __ M | 230
B + Very dense, gray, fine sandy SILT grading to —/
R I SILT, trace of clay and fine sand; moist to wet; R ;;
_ . | abundant fine organic fragments; ML. (Qva) . 7
180 18 | 505 | 94 I A ] m |26
i I i / 2 ? SA
: i 7
s 190- 19 46 | 133 B __é g
7] cL | Hard, gray, silty CLAY and clayey SILT, trace of —/ ; M |320
- L fine sand; moist; interbedded, scattered seams of -/ %7
] | slightly clayey silt; CL/ML. (Qvic) i ?/
/ 7
] ! 0
2001g) 20 33 |133 B “_/ 4 M |255
_ l D0
— = - //
160 - . A
2105 21 | 77711 | 128 / - ] M |313
B T AL
TT7 [ Vervd i L SIT ightly fi . OW1 2/5/2002 215.79 #t 7

Figure: B-3.2
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Project: Brightwater Project
Project Location: N. King County/S. Snohomish County

Log of Boring BW-4

Contract Number: Sheet 3 of 4
SAMPLES
s £ =218 S0 | o | =
5 = o I MATERIAL DESCRIPTION 2% | B oo REMARKS AND
g =3 @ 9] Eg O c
2% B88le £ 2 3| &3 S6 |~ |2&| OTHERTESTS
mwe ol 5| 8| 8| 8@ 25 | 2|86
F Z| o€ |c]|]6 | D ao | S |30
4 ML | sandy SILT, trace of clay; moist; interbedded; R %
_ " . | scattered seams of silty clay and seams of silty, |
2201= 22 | 503 | 100 | fine sand; ML. (Qvlc) _% g M 228
V]
] [ 7
— - 1
140 1 - Y :
2301m 23 | 9o | 100 - N M | 246
i CH | Hard, gray, silty CLAY and clayey SILT, moist; i
interbedded, abundant seams of fine sandy silt; %
b / - CH/CUML. (Qpal) x 4
_ |- 1 VWP2 2/26/2002 240.01 ft ¥
240 24 42 | 133 / M 324 .
N - 7 AL
< F J V]
120 1 / - 1
250m 25 | swe | 110 % B 7] M |258
— " — — 7
260 26 | 788" | 100 / I i g M |219
4
. R F Very dense, gray, silty, fine SAND and fine sandy
100 4 L SILT to slightly clayey, fine sandy SILT; moist to —/ 2
_ R | wet; interbedded, scattered to abundant fine _
270 _E’ 27 50/5.5 162 : | organic fragments; SM/ML. (Qpgl) _/ 7 M |26.2
Y
7 i ] 7
] - a0
280 T 28 | St | 83 I 7] M |208
. L - %
i L - V
B 290 | : I 1z ﬁé
=29 | 505 1001 I _7 M 1240
b CL [ Hard, blue-gray, fine sandy, silty CLAY to silty 1
= 30 53 | 400 L CLAY, trace of fine sand; moist; massive, 4 M | 185
i | oxidizes to green-gray, scattered white specks, i /
_ | scattered organics; CL. (Qpgl) |
300 ﬂ 31 71 122 / / % M |19.0
i 7 AL
32 45 | 133 / L g é M |22.1 [%Passing #200 Seive
60 b L 4 /
310—_Li] 33 49 133 / B __Z é M |241
I o34 | ee |11 / I T m {188
1 / - 18-
32019 35 74 | 133 B T B m {164
- 7 CH [ Hard, blue-gray to green-gray, silty CLAY, trace of
_F 36 73/11" | 107 / I gravel; moist; scattered gravelly zones; CH. - M | 30.2
40 ] / [ (apgm) j
330 37 |150/25"| © / = —
— /A - -

Figure: B-3.3
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Project: Brightwater Project

Project Location: N. King County/S. Snohomish County

Log of Boring BW-4

Contract Number: Sheet 4 of 4
SAMPLES
- : o o
S ’ s >13 ol , | ®
5 £ 5| S £l MATERIAL DESCRIPTION 25 | § |2z| REMARKSAND
23 88le €| 2 3| 5|8 Sg | - |28 OTHER TESTS
we ollc §| 3|8 S| o B | o |25
Ez|l o€ ||l l>D an | S (20
. v = iy =
— 38 | 20025 | O // | Hard, silty CLAY; CH (cont.) (Qpgm) = :El-; )
| 7/
340 CL |_ Hard, gray to blue-gray, slightly fine sandy, silty ]
ml 39 93/11" [ 115 CLAY fto fine sandy, silty CLAY; moist; abundant
M | 217
1 I sandy seams, trace of gravel locallly; CL. (Qpgl) N
=1 40 50/5" | 200 L i SI\{IA 195
_20 - - -
350—= 41 69/6" | 300 — — AL
| L | M_ 19.3
1 CL [ Hard, gray, silty CLAY, trace of sand; moist; 1
ml 42 90 100 I massive, trace of gravel locally, scattered streaks - M | 234
ﬂ | of green-gray mottling; CL. (Qpgl) |
35°:i] 43 | 871" | 107 N 7] M | 219
4 I |
ml 44 87/11" | 107 L - M_1 251
-0 4 L BOTTOM OF BORING R
| COMPLETED 1/11/2002
370 — —
380 — -
--20 - I B
380 = —
J L 1
400— - 1
4 L i
__40 . - -
410 - —
420 — —
__60 - - -
430 — —
440 — —
--80 1 - .
450

Figure: B-3.4




FIGURE B-3.7
LABORATORY TESTING SUMMARY FOR BW-4

SAMPLE DATA - .+ |GRAIN-SIZE ANALYSEY ATTERBERG LIMITS™
| N R T P N R R Interpreted

Boring | Sample| Top - Water. 81 & | Liquid | Plastic | Plasticity | USCS | Geologic _ .

~No. [ No. |Depth £ V| Limit| Limit | ! Symbol| - Unit . Soil Description

Coo ] | e O B CORE FICO)) | R I b L

BwW-4 | S-3 SP-SM Qva Gray-brown, slightly silty, fine gravelly, SAND
s;5 | 500 9.6 171 92 | 62 SP-SM Qua Gray-brown, slightly silty, fine to medium SAND,

trace of fine gravel

S-14 | 140.0f 23.7 13.7 SM Qva Gray, silty, fine SAND
S-18 | 180.0f 25.6 99.41 4.5 ML Qva Gray, slightly clayey, SILT, trace of sand
S-21 1210.0] 31.3 42 23 19 CL Qglc  |Gray, silty CLAY
S-24 1240.0] 344 67 31 36 CH Qpgl  [Gray, silty CLAY
S-31 |300.0] 19.0 36 23 13 CL Qpgl  |Blue-gray, slightly sandy, silty CLAY
S-32 1305.0] 22.1 93.7 CL Qpgl Gray-brown, slightly sandy, silty CLAY
S-40 |345.0f 195 49 1305|646 134 CL Qpgl  [Gray, sandy, silty CLAY, trace of fine gravel
S-41 |350.0f 19.3 29 21 8 CL Qpgl  [Blue-gray, fine sandy, silty CLAY

Notes:

a Natural water content conducted on all samples and appears on boring logs.
b Particle size smaller than 0.075 mm.

¢ 1 mm=1000 pm

d The numbers shown have been rounded (LL, PL, and PI)

¢ NP = non-plastic

f Soil descriptions have been abbreviated and simplified. For complete descriptions, see the boring logs in Appendix A.1.

L €-9 231y
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Project:
Project Location:

Brightwater Project

N. King County/S. Snohomish County

Log of Boring BW-5

{ Ver.1.1 Jan02RWSP-RWSP.GLB-21-08933.GPJ} 1\APP\GINTWAPROJECTS\21\21-08933.GPJ  5/1/02

h
Contract Number: Sheet 1 of 3
Date(s Geotechnical Logged Checked
Date(®)  12//01 - 12/20/01 S SHANNON & WILSON By BMP By TWH
Drilling Method/ Rig Type  mud rotary/ Mobile B-59 82:’|lll?gct0r Geo-Tech Explorations, Inc. I?f;ggﬁgltg 391.2 feet
Drill Bit . . . - N Ground Surface
Size/Mype 6-inch Tricone Hammer Weight/Drop (Ibs/in.) 300#/30 Elevation/Datum 400 feet/ NAVD88
Location  End of 227th Street SW, SE corner Coordinates E 1275712.0 Elevation Source  Topo
SAMPLES
- : o o
8 £ 0\. 3 E’ L [ *
5 < 512 = MATERIAL DESCRIPTION gg % [2=| REMARKSAND
E’ 2’: %g o _E 43,, § g 8 r?:_":’ - ‘3% OTHER TESTS
e ngle 5 B S| 8| a 2G5 | § les
400 odE_Z nZ |c| 6| D an | 3 |=0
4 e | Very dense, gray-brown, slightly silty, fine to i B
4 L medium SAND; moist to wet; massive, scattered _/
B I- gravelly layers inferred from drill action; SP-SM. - 2
B - (Qva) B
107 60 83 L ] 4 M | 130
380 20g 2 65 81 n - M | 90
30= 3 50/6" | 100 B ] M |11.3
b - - gravelly sand between 3 and 41 feet T SA '
] i ' ] VWP1 2/26/2002 358 ft ¥
- N = -1 /
—360 40—= 4 50/5* | 111 C ] M | 136
] | ] VWP2 1/9/2002 43.79 ft ¥
1 [ - light gray below 45 feet 1
. B T 2
- " - _ 4
50= s 50/4 93 i ] ] m | 189
—~340 60—= & 50/4.5" | 79 - — .é;_ 1 1 OW1 2/26/2002 60.3 ft
4 L 4 M [21.4
i B3 L Z ?
70— CL | Hard, gray-brown to gray, silty CLAY to clayey — 7
7 44 122 / F SILT, trace of fine sand; moist to wet; massive, - 7 hMII ggg
b & I scattered seams of fine sandy silt, abundant n AL .
7 7 CH I \organics; CL/ML. (Qpgl) /7 7
] [ Hard, green-gray to brown and gray, silty CLAY to 7
—320 80__51 8 80 128 [ clayey SILT; moist; massive to bedded, trace of Bl / M |235
| / | sand locally, weathered at top; CH/MH/CL. (Qpgl) _/ AL | 238
4 L 4 M
] / B -¢ ;/
90 9 33 | 133 / i _é FEEE
L - 277
/ r '% 2/
7/ il
4 ML } Hard, light brown, _silty CLAY grading to clayey 4 / 2
- L. SILT; moist; massive to bedded, abundant seams 4
- - of silty, fine sand to fine sandy SILT, scattered B /
11015 11 52 113 |- gravel inferred from drill action; ML/CL. (Qpgl) — 27, M |36
i [ \ZR7 '
] ¥ 70
i I 9 v
280 120—1g 42 | 73111.8" | 122 N A m |2
4 AL
L b %
] i ] J
130 = 13 50/3" {119 — — 7

Figure: B-4.1
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Project: Brightwater Project Log of Boring BW-5
Project Location: N. King County/S. Snohomish County
Sheet
Contract Number: heet2of 3
SAMPLES
S‘ A c R §’ DO I3
= - - %) ©
% £ 51 2 el e MATERIAL DESCRIPTION 2% | % |2y| REMARKSAND
% 28@le 2] 2 2|53 So | - {2&| OTHERTESTS
we o&le 5| 2= [ 8| 8| @ o5 | 9 |355
gzt o |c|lo]| > ao | S |20
1 " Hard, silty CLAY to clayey SILT; ML/CL (cont.) T M |30.2
i [ (Qpgl) i M |207
260 140—1m 14 | 829" | 100 — : : = M | 207
b CL [ Hard, light gray-brown, sandy, gravelly, silty CLAY f :
1 [ to very dense, silty, sandy GRAVEL, trace of clay; 7
] [ massive, scattered cobbles inferred from drill ] //
LS g
150—= 15 50/6" 67 [ aciton; CL/GM. (Qpgm) | /f v 178
4 L 4 7 .
240 160 16 | 100" | 97 - a7 |12
] I Very dense, brown, silty, fine to medium SAND, T
T . I~ trace of gravel, moist to wet; massive, scattered 7
170—7= 17 | 100/5" | 98 [~ gravelly layers inferred from drill action; SM. 7 A m 176
] L {Qpgl) i %
B - 1 Vi
—220 180—= 18 60/6" | 60 — B M | 209
4 L i ] SA
1 [ Very dense, brown to gray-brown, silty, gravelly T 2
1 . [ SAND; moist to wet; scattered slightly clayey T Y
19°_~_ 19 100/4 33 | layers, scattered layers of silty, fine sand; SM. 1 M |159
] L (Qpgf) ]
200 200—F= 20 200/4.5" | 31 ~ —/ M 8.8
210—+— 21 200/4" | 101 ~ — M 112
] § 7
_ ; 4
—180 220—= 22 | 125/6" | 50 B B M |11.0
] i A 7 sa
230—= 23 110/6" 25 — ]
i L 4 / / M |14.4
-160 240—— 24 | 150/4* | 78 - —é % M 115
250—= 25 | 150/6" | 92 - 7 / M |17.4
—140 260—+— 26 150/4* | 33 = -/ / M 167
270—= 27 | 150/4.5" | 125 — ] % M |73
—120 280— 28 150/3* | 100 ¢7 [~ Very dense, gray, fine gravelly, silty, clayey SAND ‘/ / M 1124
7 ¢ [ and hard, fine sandy, silty CLAY to clayey SILT, T 71 SA i

Figure: B-4.2




Project: Brightwater Project
Project Location: N. King County/S. Snohomish County

Log of Boring BW-5

{ ver.1.1 Jan02RWSP-RWSP.GLB-21-08933.GPJ} IMNAPP\GINTW\PROJECTS\21\21-08933.GPJ _ 5/1/02

Contract Number: Sheet 3 of 3
SAMPLES
g £ * _'g o o P
ks] - - (2] o
S ¢ e | &z MATERIAL DESCRIPTION % | 3 |g2| REMARKSAND
3% 5%lo 2| 2 2| 518 Sg | - |58 OTHER TESTS
we ao8le 5| 3| 8| &|a 5 [ 8 |25
£ z| o€ |c|]6]| D g | 3 |20
| 7 L SC/CL. (Qpgm) B
290—= 29 | 150/5" | 52 — » M [176
4 L i AL
100 300—— 30 | 150/3" | 73 f - 7] M |15
31 0__l=' 31 150/5" 99 / N 7] M 183
- 7 - Hard, gray, silty CLAY, trace of sand and gravel E
7 / ™ to sandy, gravelly, silty CLAY; moist; massive; T
7] . | faintly sheared texture at top; gravelly, silty, clayey 7
80 320—= 32 | 50/6" | 125 % [ sand locally, CH/CL/SC. (Qpgm) i M | 194
3301= 33 | 50/55" | 133 % N ] M | 165
1= 34 | s/ | 142 % L %, 21.0
60 340—= 35 | s50/6" | 117 / - ] [ 12.7
1= 36 | s | 137 % C R = 133
380 = 37 | s0i5 | 148 / N = 165
T~ 38 | 150/3.5" | 194 % C ]
40 360 39 | 656" (188 b = 9.0
] 7 CH | Hard, gray, silty CLAY; massive to bedded, trace
= 40 85/6" | 133 | of sand above 375 feet, scattered silt pockets and |- . 155
E I partings; CH/CL. (Qpgt) 4 i )
370—= 41 | 966" | 133 / - o 15.7
k= 42 | es6" | 125 / C 1 16.4
—20  380—|= 43 | 50/45° | 116 % u T 24.7
1= a4 | ewrsr | 152 / I Fonii 20.4
3902 45 | sos | 130 // = o B0 254 RV
] r BOTTOM OF BORING 7 ' -~
] i COMPLETED 12/20/2001 ]
—0 400 - —
410 I~ B
.20 420 L ]
430 — -

Figure: B-4.3




FIGURE B-4.6
LABORATORY TESTING SUMMARY FOR BW-5

SAMPLEDATA - 7 |GRAIN-SIZE ANALYSEY ATTERBERG LIMITS®*
. . Natural | -~ A& T ‘ ' ~ |Interpreted
Boring | Sample| Top | Wate £ | Liquid | Plastic | Plasticity [ USCS | Geologic
*No. . | Depth| Conten - Limit | Limit | - Index n ~ Unit Soil Description’
< | (feety [ (8 A5 (%) | (%) ' S
30.0 11.3 0.1 | 89.6] 10.2 Qva Gray-brown, slightly silty, fine to medium SAND
S-7B | 71.0 23.7 32 23 9 CL Qpgl Gray, silty CLAY, trace of fine sand
S-8 | 810 23.8 45 26 19 CL Qpgl  [Gray, silty CLAY
S-9 ] 90.0 33.2 54 31 23 MH Qpgl  |Light brown, clayey SILT
S-12 ]120.0( 34.2 39 28 11 ML Qpgl  |Gray, clayey SILT
S-18 1180.0f 20.9 2.2 |83.6| 14 SM Qpef  |Gray-brown, silty, fine to medium SAND, trace of gravel
S-22 }220.0 11.0 15.7]158.5]25.7 SM Qpgf  |Gray-brown, fine gravelly, silty SAND, trace of clay
S-28 | 280.0 12.4 13.7141.8]| 444 SC Qpgm |Gray, fine gravelly, silty, clayey SAND
S-29 | 290.0 17.6 34 22 12 CL Qpgm |Gray, silty CLAY, trace of sand
S-34 |335.0f 21.0 63 26 37 CH Qpgm  |Gray, silty CLAY, trace of sand and gravel
S-35 | 340.0 12.7 5.5 ]131.1}163.3 CL Qpgm |Gray, slightly gravelly, silty, sandy CLAY
S-39 [ 360.0 9.0 16.6] 36.8 | 46.5 SC Qpgm |Gray, fine gravelly, silty, clayey SAND
S-41 |370.0 15.7 43 21 22 CL Qpgl Gray, silty CLAY, trace of sand

Notes:

a Natural water content conducted on all samples and appears on boring logs.

b Particle size smaller than 0.075 mm.

¢ 1 mm= 1000 pm

d The numbers shown have been rounded (LL, PL, and PI)

e NP = non-plastic

f Soil descriptions have been abbreviated and simplified. For complete descriptions, see the boring logs in Appendix A.l.

9'p-g 231
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Project:
Project Location:

Brightwater Project

N. King County/S. Snohomish County

Log of Boring BW-6

Contract Number: Sheet 1 of 4
Date(®)  12/13/01 - 12/28/01 Geotechnical SHANNON & WILSON Logged  kaw Checked Tyy
Drilling Method/ Rig Type  mud rotary/ CME-85 gggit?gctor Gregory Drilling Z{’S‘égﬁg}g 430.5 feet
Drill Bit . . : ; " Ground Surface
Size/Type 6-inch Tricone Hammer Weight/Drop (Ibs/in.) 3004/30 Elevation/Datum 450 feet/ NAVD88
Location  228th and 48th Ave. W. Coordinates N 292329.0 E 1280286.0 Elevation Source  Topo
SAMPLES
- : o (@]
5 :_) =13 So | o |
T < 51 2 S| e MATERIAL DESCRIPTION ©% | 3 | 22| REMARKS AND
83 8Blo 2| 2 2| 5|8 55| = |28| OTHERTESTS
o O i} S = ] N ©LE
2 02fg 5| e | 8| & | @ o5 | 8 |eg
e Z | @ Zlac |G| D ao | 8 |=0
i 4 GM  Gray-brown, silty, sandy GRAVEL; moist; scattered 4~
SM brick fragments; (Fill} GM. [ ,
T I Very dense, gray, silty, gravelly SAND; moist; T
b I heterogeneous; SM. (Qvtl) -
7440 10 4 61 | 100 N 7] M |105
0= 2 50/5" | 83 - ] M [10.2
_ L i 2
420 30—= 3 | 505 | 67 - b7 /M |98
. - 9 W
. - . 7
40—_— 4 50/3 100 _— —— M | a2
4 : 738l GP- | Very dense, gray-brown, slightly silty to silty, _/ %
i 24ulN GM L sandy GRAVEL to silty, gravelly SAND; moist to
i . '} ) | wet; locally trace of clay; GP-GM. (Qva) _/
= _ . <e - - 4
400 50 _:: 5 50/5 67 .":i 1 I | Y M | 92
N '-‘. 4 ; SA
r} O‘ - -
- “b‘ 4 - - /
. ot . i % %
%
60— 6 - _
b I Very dense, gray-brown, silty, fine SAND grading b 7
e I to fine sandy SILT; moist; massive; scattered - /4
| | organic fragments; SM/ML. (Qva) i %2
- _ . - — 77
380 70m 7 | 505" | 50 i ] 22 M | 200
2%
7 r 7 7
%%
4 L | ¢/
Vi
0] " 'y
— . | _ 7
= 8 5006 | 42 i 178 /EREE
2/
i Lodiad GM | Very dense, gray-brown, slightly sandy, gravelly, i fg
qe 0 silty CLAY to silty, sandy GRAVEL, trace of clay, %4
7 ey I~ moist; faintly bedded layers, gradational contact %;
—360 90— . LYY [— with unit above, scattered cobbles inferred from -
9 70/9 90 Y J M [18.6
4 IS 1 I drill action; GM/CL. (Qpgm) B AL '
~ .'. © - -
X 3k
J Lyl L i
b X35 - 4 2
100 LIY0 Y

Figure: B-5.1
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Project: Brightwater Project Log of Boring BW-6
Project Location: N. King County/S. Snohomish County

Contract Number: Sheet 2 of 4
SAMPLES
- : o [e)]
s P o So | 45| ®
g < s 102 = MATERIAL DESCRIPTION 28 | 7 |e¢ REMARKS AND
3% 58le 2| 2 2| 518 9& | = |8E€| OTHERTESTS
we ofie 51 318 gl o o5 | § 128
== = ©
= Z m< [ong (O] 2 ow g =20
100 0 | 503 | 83 [T% % M 1100
E [ - Very dense, silty CLAY to sandy GRAVEL; b SA .
4 4°, L GM/CL (cont.) (Qpgm) § 7
s ' 7
4 o L 4
4 P L 4 7
340 110—= 11 50/5* 83 ¥ - - Z
i ) 4 M | 51
i ML | Hard, gray-brown to gray, clayey SILT, trace of |
sand and gravel, sandy, siity CLAY, trace of 7
1 [ gravel, moist to wet; massive to faintly bedded; N 7
b r ML/CL. (Qpgm) 1 %
1203 12 | so/4" | 104 ~ N 7 M [108
. - A U VWP1 2/26/2002 124.63 t ¥
B - ~ _é OW1 2/26/2002 126.6 itV
320 130—_2’ 13 5075" 83 __ Gray below 130 feet. ] M | 149
i SA
] N ] AL
b - I Very dense, gray, silty, fine SAND; wet; massive; E
E I scattered organic fragments; SM. (Qpgf) B
140—+= 14 | so/5" | 83 - il M |205
- - -1 %

CH | Hard, gray, silty CLAY, trace of sand, to slightly b 7
|- sandy, silty CLAY, trace of gravel; moist; CH. —

—300 150 "
m 15 | 75/9" | 120 " @pam) M | 184

NN

1601 16 50/5" | 83

T
L]
AN

—240 210 21 s0/6" | 0

_
g
] % | Layer of slightly clayey, fine sandy silt at 160 feet. | 4 M | 222
] I 17%%
280 170—@ B woé — ‘ /E M |193
1 , % I Gravelly layer inferred from drill action at 175 feet. 7 /
180—:@ 18 | 678~ | 136 % ; _:; M 208
] % E 1
260 190 1o | esie 136% N B éé M l7e
: [ 007
200—:=1 20 | 504" | 146 % - __2 : M |188
% : 1
/
_

Figure: B-5.2
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Project:
Project Location: N. King County/S. Snohomish County

Brightwater Project

Log of Boring BW-6

Contract Number: Sheet 3 of 4
SAMPLES
- - o {e)]
S ' = 13 go| 4,1 ®
b= < ol N = MATERIAL DESCRIPTION g’g % | 22| REMARKS AND
23 2Blo 2| ¢ s| &l S6 | = |2€| OTHERTESTS
we o2ie 5| 58|89 85| g |85
£ z| o€ (|6 ]| D ao | S |20
b - Very dense, gray, clayey, silty, gravelly SAND; b 7
2zoj= 22 70/3" | 100 — moist; SM. (Qpgm) —/ 7 w | o7
N __ . gp- | Very dense, gray, slightly silty, fine to medium | 7
220 230—— 23 | e7a | 101 SM |~ SAND, trace of gravel, to fine to medium SAND, % M | 160
1 [ trace of silt; wet; scattered seams and layers of T
E I silty, fine sand to fine sandy, clayey silt; 1
B I SP-SM/SP. (Qpgf) i
240:= 24 | 654" | 69 - 7 7R EREE
i i 0
J i | % 2
—200 250_@ 25 70 | 100 - __/ J M 185
%
| L 1 g
] I g %
B L ] 7
260—m 26 | s0/5" | 100 ~ 2 %
] i i / 7 M |192
| V]
4 i / 7
b r Gravelly layer inferred from drill action at 265 feet. - 7
i i y lay I % g
2
180 2701m 27 | s05" | 83 B D m |12
| GW-1{ Very dense, gray, slightly silty, sandy GRAVEL; i %
wet; scattered to abundant cobbles inferred from %
b I drill aciton; GW-GM. (Qpgf) 7 %/
] ' B T 7
ogot— 28 | 11613 | 83 B N é v | 104
: : Gravelly sand inferred from drill action below 282 : %
feet. Z
i | Verydense, gray SILT, trace of fine sand and _% %
clay, to silty, fine SAND; moist; scattered to / 72
—160 290 29 50/4" | 100 [~ abundant organic and wood fragments, scattered 2 M |86
b I slightly silty layers; SM/ML. (Qpnt) —/ % ’
. = - 2
- » — — V1
300 —=: 30 69/5 83 _‘/ 4/ M {217
‘ YVE
N L . % ;;
- - _/ /%
140 310 | I —% /2
w31 71/11" | 95 CL | Hard, gray, clayey SILT to silty CLAY, trace of % 1 M {360
sand; moist; bedded, abundant organic to peaty / 2 AL
7 / [ seams and wood fragments; CL/ML. (Qpnl) ‘% /2
_ : il
] L _ %
8201 a2 | 41 | 100 / i ) U wm | sss
] I :? 7
12 ] " /
0 330 ﬂ: 33 5713 100 Very dense, gray, slightly silty SAND, trace of % M | 278
gray i i i . . 7 M_124.5

Figure: B-5.3
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Project: Brightwater Project
Project Location: N. King County/S. Snohomish County

Log of Boring BW-6

Sheet 4 of 4
Contract Number:
SAMPLES
‘c:)— . £ & §, 3 o &
- - (2]
= £ 5102 =l ) MATERIAL DESCRIPTION gg % [@Z| REMARKSAND
3% Swle 2| 2 2|54 s |+ (g8 OTHER TESTS
QL B [ = (@] N &~ = C
e ol § B~ S| 8| o LS5 | §12g
E ZzZ| m€ |ac]|]6 |3 an | 8 |s0
1 [ organic fragments; SW-SM/SP. (Qpnf) h 72
i L . 2%
340—= 34 | 60/55" | 67 ~ T % wm |69
1 B T 1 SA
- : 1
i L i Z 7

—100 350—= 35 40/6" | 100 ~ 7 M | 226
: : 1
] : i1

360—= 36 | 584" | 101 - I U4 m 1110
a r 7 %

-80 370—= 37 | 50/55" | 83 — *4 4 M | 158
:=I 38 63/5" 21 : : M | 104
| L i |-

380— " —"Hard, dark gray, clayey SILT to silty CLAY, trace ~ —54 b
Ji 39 65/8 7 I of fine sand; moist, massive to laminated, —7 7 M 317
i | scattered peaty partings; scattered to abundant R
=40 50/3" 95 | organic fragments; ML/CL. (Qpntf) 1 M | 233
] i ] % AL

60 3901 41 50/3" | 100 u ] M |268

] I A
42 | 65/10" | 100 L 454 [ m | 230
400 43 86 94 B 243
= 44 50/4* | 83 ML | Very dense, dark gray, slightly clayey, fine sandy 20.0
R - SILT to fine sandy, clayey SILT; moist;

40 410— | interbedded, abundant organics and shell
1 45 74 | 89 | fragments; ML/CL-ML. (Qpntf) 232
Jml 46 50/5.5" 92 L 223
- I Very dense, gray, fine to medium SAND, trace of

420 47 /5. |- silt, to slightly silty, fine to medium SAND; wet;
I 8555 | 83 | SP/SP-SM. (Gpnf) 7.3
/= 48 100/6" | 100 L 18.9
] L

—20 430 A9 92/8" b 11
_ C BOTTOM OF BORING j 56
i | COMPLETED 12/28/2001 |

440 - -

—0 450

Figure: B-5.4




ject: Ki i r Conv m :
Project: King County WTD / Brightwater Conveyance Syste Log of Borlng E-105
Project Location: King & Snohomish Counties, Washington
Contract Number: E23007E Sheet 1 of 16
Date(s) Geotechnical Logged Checked
Drilled 3/3/03 - 4/3/103 Consultant Camp Dresser & McKee Inc. By TCB By VJP 02-03-04
Drilling Method/Rig Type Roto-Sonic/ 8g|rl1it?gctor Cascade/Boart-Longyear I?g’ggﬁg;‘g 535.0 feet
giazseiPPype 8"/6"/4"[Telescoping Casing Hammer Weight/Drop (Ibs/in.) N/A gl?#a?%r?/%ﬁ?ﬁ% 549.0 feet / Metro
Location  5th Ave SW, Shoreline Coordinates N 287349 E 1264077 Elevation Source  Survey
SAMPLES o
g £ X1l e 5o 5
= N oy — s %) o
T £ 51 2 ol I MATERIAL DESCRIPTION 2% | 3 £| REMARKS AND
88 8B|le 2| ¢ 3|1 68 Se | = |85 OTHER TESTS
e alfe 5| 38| | a oG [ 8 185
o-IF_Z nE |x|]o| D Lo [ O oo
A 2 | 0 to 6 feet excavated with
vacuum truck, not sampled
—545 C - -1
5 — _
B K/!e—diu_m—déﬁs-é,—r—eaEFoWnTw_etT_s,H_grmy—gr;valf ] Starting with 9-inch casing
| | SILTY SAND (SM), fine to coarse sand, fine to ]
coarse gravel, subround to round, numerous
i i organics, wood debris, homogeneous  (af) i
[
ss0 ]}
Medium dense, yellow red, gravelly silty SAND
10 __ (SM), fine to medium sand, fine to coarse gravel,
1 trace cobbles, subrounded to rounded,
i} poorly-graded, matrix supported, scattered
organics _(Qvt) /]
| | Dense, brown-olive-gray, moist, gravelly SAND |
1 (SW), well-graded, fine to coarse sand, fine to
1iid] | coarse gravel, subround to round, homogeneous |
{Qva)
—535 . - i
15 — . . -
Grades brown, slightly gravelly, trace silt
2
—530 . - 4
20 - ]
Dense, brown-light gray, moist, gravelly SAND
| I (SP), poorly-graded, trace silt, trace fine sand, ]
medium to coarse sand, fine gravel, subround to
L 525 | . round, homogeneous (Qva) ]
25— - -
Groundwater Observation Data: Remarks:Negative Groundwater Data indicates measurements above Ground Surface
Recovery values > 100 indicate sample expansion during sampling.
OW (FT BGS):
VWP1 (FT BGS):
VWP2 (FT BGS):
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Project Location:

Project: King County WTD / Brightwater Conveyance System
King & Snohomish Counties, Washington
Contract Number: E23007E

Log of Boring E-105
Sheet 2 of 16

SAMPLES

Elevation,
feet
feet

n Depth,
Type

Blows /6 in.
(N)
Recovery, %

Graphic Log

MATERIAL DESCRIPTION REMARKS AND

OTHER TESTS

Piezometer
Schematic

Lab Tests
Pocket
Penetrometer (tsf)

o

@ INumber

520 W

—515 .
35—

—510 .
40

—505 §

—500 .
50—11]

—495 . 8

—490 .

—
Q
o

9

88

L SM SAND (SP-SM), poorly-graded, trace coarse

| Dense, brown to light gray, moist, gravelly SAND
(SW), well-graded, trace silt, fine to coarse sand,
| fine gravel, subrounded to rounded,
homogeneocus (Qva)

Dense, light gray, moist, slightly silty gravelly

1 sand, fine to medium sand, subround to round !
 ‘\@Qva) ]
Dense, red brown, moist to wet, slightly gravelly
| SAND (SP), poorly-graded, trace coarse sand,
fine to medium sand, fine to coarse gravel,

| subround to round, homogeneous, trace silt
(Qva)

100

SW

Dense, red brown, moist, gravelly SAND (SW),
| well-graded, fine {o coarse sand, fine to coarse
gravel, subround to round, homogeneous
(Qva)

SP

Dense, red brown, moist, slightly gravelly SAND
| (SP), poorly-graded, trace silt, trace coarse

SW

sand, fine to medium sand, subround to round,
homogeneous _(Qva)

100 |:

SP

\ As above at 40.0 feet below ground surface (bgs) / |
| Dense, red brown, moist, slightly gravelly SAND
(SP), poorly-graded, trace silt, trace coarse

| sand, fine to medium sand, subround to round,
homogeneous (Qva)

| Dense, red brown, moist, slightly gravelly SAND
(SP), poorly-graded, trace silt, trace coarse

| sand, fine to medium sand, subrounded to
rounded, homogeneous (Qva)

100

SP-

& SM

GM

| sm

Dense, gray, wet, slightly silty, gravelly SAND
(SP-SM), poorly-graded, trace coarse sand, fine
to medium sand, fine to coarse gravel, subround
|\ to round, scattered weathered silty nodules,
brown yellow, homogeneous _ (Qva)

Dense, gray, wet, silty sandy GRAVEL (GM),
fine to oarse sand, fine to oarse gravel, f
|\ subround to round, homogeneous _ {Qva) i
Dense, brown/gray, wet, slightly silty gravelly

| SAND (SM), trace coarse sand, fine to medium
sand, subround to round, homogeneous, trace
| Fe(ll) staining, weathered yellow brown silt
clasts-scattered (Qva)

Becomes very dense, trace fine sand, medium to
| coarse sand

i Decreasing silt with depth
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Project: King County WTD / Brightwater Conveyance System
Project Location: King & Snohomish Counties, Washington
Contract Number: E23007E

Log of Boring E-105

Sheet 3 of 16

Elevation,

feet

—485

—480

—475

—470

—465

—460

—455

SAMPLES

feet

o Depth,
Type

Number

Blows /6 in.
Recovery, %

(N)

Graphic Log

MATERIAL DESCRIPTION

REMARKS AND
OTHER TESTS

Piezometer

Schematic
Penetrometer (tsf)

L.ab Tests
Pocket

70

10

1"

85—

90

12

100

100

100

100

Dense, red brown, wet, gravelly SAND (SW),
well-graded, trace silt, fine to coarse sand, fine

to coarse gravel, subround to round,
homogenecus (Qva)

Very dense, light gray, wet, silty GRAVEL (GM),
trace medium to coarse sand, fine sand, fine to
coarse gravel (2-3 in. diameter), subround to
round (Qva)

Dense to very dense, red brown, slightly silty,

|_ gravelly SAND (SP-SM), poorly-graded, layers of
fine to coarse gravel, subrounded to rounded,

. homogeneous, fine to coarse sand  (Qva)

Very dense, red brown, wet, gravelly SAND
L. (SP), poorly-graded, trace silt, trace fine sand,
medium {o coarse sand, subround to round,
. homogeneous, scattered oxidation (Qva)

Very dense, red brown, wet, sandy GRAVEL
| (GW), well-graded, fine to coarse sand, fine to
coarse gravel, subround to round,

|__ homogeneous, trace silt  (Qva)

Scattered, laminated clasts of dark brown/light
. brown silt

Photo labeled as E-115

Dense, brown, wet SAND (SP), poorly-graded,
| trace silt, trace medium to coarse sand, trace
fine to coarse gravel, fine sand, subround to

| round, homogeneous (Qva)

Increasing medium to coarse sand

| Grades slightly gravelly, fine sand, fine to coarse
|__ gravel, subrounded to rounded
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Project:
Project Location:
Contract Number: E23007E

King County WTD / Brightwater Conveyance System
King & Snohomish Counties, Washington

Log of Boring E-105

Sheet 4 of 16

Elevation,
feet

—450

—445

—440

—435

—430

—425

—420

SAMPLES

«© Depth,
A feet

Type

oI Number

Blows /6 in.

(N)
gRecovery, %

Graphic Log

USCS

MATERIAL DESCRIPTION

REMARKS AND
OTHER TESTS

Piezometer
Schematic

Lab Tests
Pocket
Penetrometer (isf)

100

=t

14

110

15

16

120

17

125

18

—

96

Dense, brown, wet, slightly gravelly SAND (SW),

gravel, rounded to subrounded, homogeneous

well-graded, fine to coarse sand, fine to coarse
-\ (Qva)

i

Dense, brown, wet, slightly gravelly SAND (SP),
- poorly-graded, trace coarse and, fine to medium
sand, fine to coarse gravel, surbrounded to

rounded, homogeneous  (Qva)

Dense, brown, moist, slightly gravelly SAND

100

coarse gravel, subround to round, homogeneous

(SW), well-graded, fine to coarse sand, fine to
-\ (Qva)

100 F=
p

100 |

100 f

Dense, brown/light gray SAND (SP),

sand, trace fine gravel, fine sand, subround to
round, homogeneous (Qva)

Very dense, brown, wet, gravelly SAND (SW),
well-graded, trace silt, fine to coarse sand, fine

\poorly-graded, trace silt, trace medium to coarse
Xto coarse gravel, subround to round  (Qva)

S s o S S S |

Dense, brown, wet SAND (SP), poorly-graded,
trace silt, frace medium to coase sand, trace fine
Xto coarse gravel, fine sand, subrounded to

rounded (Qva)

Becomes very dense, gravelly SAND (SP), trace
coarse sand, fine to medium sand, homogeneous
Very dense, brown, moist, sandy GRAVEL

(GW), well-graded, fine to coarse sand, fine to
coarse gravel, subrounded to rounded,
homogeneous (Qva)

Dense, brown, moist, slightly gravelly SAND
(SP), poorly-graded, trace medium to coarse

- sand, trace silt, fine sand, fine to coarse gravel,
subround to round, homogeneous {Qva)

- Scattered clasts of gray sandy SILT

Grades with increased coarse sand

1

Dense, brown, moist, gravelly SAND (SW),
well-graded, trace silt, fine to coarse sand, fine

L \bomogeneous

to coarse gravel, subrund to round,
(Qva)

"

Dense, brown, moist SAND (SP), poorly-graded,
| trace fine gravel, trace medium to coarse sand,
fine sand, subrounded to rounded,

| \ homogeneous {Qva)

P!

\ Dense, brown, moist, gravelly SAND (SW),
well-graded, trace silt, fine to oarse sand, fine to

coarse gravel, subrund to round, homogeneous
|| (Qva)

trace fine gravel, trace medium to coarse sand,
fine sand, subrounded to rounded,
homogeneous {Qva)

\Dense, brown, moist SAND (SP), poorly-graded,

Dense, brown, moist, gravelly SAND (SW),
||| well-graded, trace silt, fine to oarse sand, fine to
coarse gravel, subrund to round, homogeneous

(Qva)

I —
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Project: King County WTD / Brightwater Conveyance em :
J g County g onveyance Syst Log of Boring E-105
Project Location: King & Snohomish Counties, Washington
Contract Number: E23007E Sheet 5 of 16
SAMPLES =
=3 = X . e
Q N © N o} 2 _g %] D
T £ 51 < 5| e MATERIAL DESCRIPTION 25 | 5 | £| REMARKSAND
3% 8Tlo 2| 8 5| 5|8 S¢ | = |85| OTHERTESTS
ne nfle g 3~ 9 IR N 2l =gt
13005 2| @ 2|l ao | S j&d
19 100 Dense, brown, moist, slightly gravelly SAND
| (SP), poorly-graded, trace silt, trace coarse R
sand, fine to medium sand, fine to coarse gravel,
i subrounded to rounded, homogeneous, N
numerous silt/sand clasts  (Qva)
i | Dense, brown, moist, gravelly SAND (SW), m
well-graded, trace silt, fine to oarse sand, fine to H
415 | 1| coarse gravel, subrund to round, homogeneous ]
(Qva)
135— Dense, brown, moist SAND (SP), poorly-graded, | |
trace silt, trace fine gravel, trace coarse sand,
4 20 100 fine to medium sand, subrounded to rounded, ]
homogeneous _ (Qva)
| Dense, brown, moist, gravelly SAND (SW), ]
well-graded, trace silt, fine to coarse sand, fine With numerous +2-inch
i 100 Loogg’:ézre]ggﬁgelv(%l‘?;md to round, . rip-up clast of sandy SILT
410 Dense, brown, moist SAND (SP), poorly-graded, |
trace fine gravel, trace medium to coarse sand,
140 22 100 fine sand, subrounded to rounded, -
homogeneous {Qva)
Layer of well-graded fine to coarse sand A
Grades slightly gravelly, fine to coarse gravel,
| subround to round, homogeneous N
23 100
i Laminated silt and sand 1
405 24 100 Numerous 1/2-inch to 3/4-inch laminated sand/silt
145 clasts -
Slightly gravelly from 145 to 146 feet bgs
E 25 100 1
—400 Sand grades fine, trace fine gravel 1
150 —
26 100
Scattered laminated clasts of sand/silt i
—395 1 -1
155 ~
k 27 100 1
i " Grades to slightly gravelly, fine to coarse gravel
—390 h N
160 —
i i 12-inch-thick, well-graded slightly gravelly SAND
_ | layer |
28 100
—385 4 1
165 —
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Project: King County WTD / Brightwater Conveyance System Log of Borlng E-105
Project Location: King & Snohomish Counties, Washington
Contract Number: E23007E Sheet 6 of 16
SAMPLES =
- : ° o g
5 < %18 Sol 5| &
% £ 51 2 | o MATERIAL DESCRIPTION 25 | 7 | _£| REMARKSAND
E % 2ul, 2 ‘ﬁ 2 £ 8 Sg ol R OTHER TESTS
Lne Aaelse € P T I S Ne | o [52
w 15 3 2= @ i = Q © S o
165 - =z o= o 9] = ow | oo
hd +6 inch cobble
R 29 100 1
| Scattered laminated clasts of sand/silt 1
30 23
—380 . 1
170 —
31 100 §
—375 1 b
175 -
| |~ Very dense, brown gray, wet, slightly sity, |
370 i gravelly SAND (SW), well-graded, fine to coarse ]
392 89 sand, fine to coarse gravel, subrounded to
180 rounded, homogeneous (Qva) _
3-inch interbed of fine to medium sand
i | Dense, brown, moist SAND (SP), poorly-graded, |
R trace coarse sand, trace fine to coarse gravel, _
trace silt, fine to medium sand, subrounded to
365 rounded, homogeneous (Qva) ]
Grades slightly gravelly SAND (SP)
185 1
i 33 93 Grades trace fine to coarse gravel 187 to 190 feet 1
i bgs 4
—360 b .
190 —
—-355 - b
195 —
34 91
] | Becomes wet 1
—350 : b
200— —




Rev. 3 {Ver1.1Jan02BRIGHTWATER-BRIGHTWATER.GLB-BRIGHTWATER.GDT} OAGINT\PROJECTS\BRIGHTWATER P19.GPJ  2/4/04

Project Location:
Contract Number: E23007E

Project: King County WTD / Brightwater Conveyance System
King & Snohomish Counties, Washington

Log of Boring E-105
Sheet 7 of 16

SAMPLES =
5 £ 2128 go | , 5
s = 5| 2 S| o MATERIAL DESCRIPTION 25 | 2 £| REMARKS AND
8% BBle 2] 2 3|58 Ssg |~ [88] OTHERTESTS
we QLo 5§ o~ S S| ®» a5 | 2@ |S¢c
> = = [ = = O 5] oo
- = mn< o (&) -] aw 4 |
200
—345 11l 35 125 [ - .
205 — —
| Becomes very dense ]
36 100 |:
—340 1 B 1
210 = . -
Becomes dense, brown gray, moist to wet
—335 . = A
215-{|| 37 100 | - -
330 | | Layers of very dense, fine sand (SP) .
220 : - -
38 100 |:
. 39 100 - E
—325 . - i
225 — —
1 40 83 B .
—320 1 - |
230 — =
| Grades dark gray, slightly silty 1
—315 b - b
235— — —
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Project Location:

Project: King County WTD / Brightwater Conveyance System
King & Snohomish Counties, Washington

Log of Boring E-105

Contract Number: E23007E Sheet 8 of 16
SAMPLES =
< £ SN 50 5
Q - - — =g £2) ol
T £ s <L =l e MATERIAL DESCRIPTION e 5| @ § REMARKS AND
3% 80|le 2| 2 3|l 5|8 Sg | = |85| OTHERTESTS
me oelg E| 3o | 8| &3 95 | | |85
= Z nZ @ (G jpes] on | O |aa
235
. 41 94 - 8
—310 . B .
240 — —
| Grades moist, fine sand, trace medium sand, fine
] | sand ]
—305 1 = |
245 — -
R 42 93 - A
—300 1 - b
250 - -
Nt
295 | ML | Hard, dark gray, moist, clayey SILT (ML), trace
fine sand, subrounded to rounded, medium MP
255 | plasticity, medium strength, massive  {Qvlc)
1 Sp- | Very dense, dark gray, moist, slightly silty SAND T
1 sMm (SP-SM), poorly-graded, trace medium sand,
1l 43 88 - fine sand, homogeneous, micaceous, occasional
organic fragments  (Qpfnf)
—290 1 = i
260 — -
b 44 100 B L
—285 b ¥ .
265 -
SM Dense, dark gray brown, wet, silty SAND (SM),
J | fine sand, subrounded to rounded, |
homogeneous, rapid dilatancy, occasional
] | organic fragments  (Qpfnf) |
T 5 |
= R ' Rapid dilatancy ]
280 Perched zone
270— — -
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Project: King County WTD / Brightwater Conveyance System Log of Boring E-105
Project Location: King & Snohomish Counties, Washington
Contract Number: E23007E Sheet 9 of 16
SAMPLES =
g £ 153 5o |, | 8
T = 51 <2 510 MATERIAL DESCRIPTION 2s | 3 €| REMARKS AND
8% 3Ble B 2 2|53 s5 |~ |82| OTHERTESTS
we aL|g 51 5z | 8| 8o 26 | § 185
— prid m< [ (O] D ow o o n.
270 75 T00 [ZFER
275 . L |
275—H— = —
270 T\. - .
280— || 46 100 — -
265 . = |
285 — —
it | ]
47 100
i | Grades to sandy SILT 1
—260 . - |
290 — =
i | Grades to silty SAND ]
48 100
255 1t 3 _
295 "L | Very stiff, dark gray, wet, clayey SILT (ML), trace |
bt fine sand, low plasticity, rapid dilatancy, 295-305 foot sample was
| | massive, trace organics  (Qpfnl) | g;il)l/e%g%g{g ugg Ieor;(tjﬁaile
pulling rods. Redrilled and
1 ¥ T left rods in hole overnight to
attempt retrieval
-250 - :
300—{ 40 99 — -
—245 . - .
305 — —
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Project:
Project Location:
Contract Number: E23007E

King County WTD / Brightwater Conveyance System
King & Snohomish Counties, Washington

Log of Boring E-105
Sheet 10 of 16

Elevation,

feet

—240

—235

—230

—225

—220

—215

—210

SAMPLES o
< 2|2 - e
. © =] 4 2L ] » kS|
£ 5|2 | 5|2 MATERIAL DESCRIPTION 25 | 2| £| REMARKSAND
8B|lo 2| 2 3188 Sg | -~ |85| OTHERTESTS
holae E — o @ e | o |68
Lle 5 = $ S| o LG S |06
- Z m< 4 O o) 0w [
305
T | Increased plasticity, slow dilatancy )
1l 50 100
310 L) . . - .
17 CcL Hard, gray, moist, very silty CLAY (CL), low to Termination of 8-inch
] . moderate plasticity, medium dry strength, | casing
massive, slow dilatancy, occasional organics
| L (Qpfnl) "
315 51 95 — —
1 i 1 MP Petroleum hydrocarbon
| | | odor and apparent oil-like
coating on surface of
320 | a sample probably due to
Laminated with light gray silt and fine sand g:ﬁy;gglogfsggggfm d
i | partings/seams, slow to rapid dilatancy i apprgximately 320 to 322
feet. Driller required 250 to
g - E 300 psi to extrude sample
J@' 52 75 - . . . S
H Grades moderate to hightly plastic M Slickensides
325 = - AL
1 | 3-foot stratum grades very stiff, wet, slightly sandy 1
330 | to trace sand, fine sand, subround to round, low  _|
plasticity, massive to scattered inderbeds of fine
| sand ]
b 53 90 - b
335 - -
1 Dense, dark gray, moist, slightly silty SAND
_r\ﬂ . (SP-SM), poorly-graded, fine to medium sand, |
H subrounded to rounded, homogeneous,
| scattered (ML) layers  {Qpfnf) |
Begin with 6-inch casing
] | N and 4-inch core
340-* 0 bei-—_—-l—




Project:

King County WTD / Brightwater Conveyance System
Project Location: King & Snohomish Counties, Washington
Contract Number: E23007E

Log of Boring E-105
Sheet 11 of 16

Elevation,

feet

—205

—200

—195

—190

—185

—180

—175
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SAMPLES

¥ Depth,
feet

Number

Blows /6 in.
Recovery, %

(N)

Graphic Log

UsCSs

MATERIAL DESCRIPTION

Piezometer

Schematic
Lab Tests

Pocket

Penetrometer (isf)

REMARKS AND
OTHER TESTS

350

55

355

360

365

370

57

375

58

—
[
[=]

142

98

104

90

=2
=

Hard, dark gray, moist, clayey SILT (ML), low

| plasticity, non-dilatant, massive  (Qpfnl)

ML

Dense, gray green, moist, slightly silty SAND
(SP-SM), poorly-graded, fine to medium, trace
organics__(Qpfnf)

| Very stiff to hard, gray, moist, clayey SILT (ML),

low plasticity, laminated, rapid dilatancy, organic
odor (Qpfnl)
Rapid dilatancy, low strength

. Slow dilatancy, medium strength

| Hard, non dilatant, medium strength

i Hard, non dilatant, medium strength, laminated/
| interbedded light gray, fine sand seams

i Hard, gray, low to moderate plasticiy, medium

strength, scattered laminated fine sand seams,
slow dilatancy

i Approximate 2.5-inch brown organic layer

Trace medium to coarse sand

AL
MP

AD

| Dense, dark gray, moist, silty SAND (SM), fine

sand, subround to round, poorly-graded,

| homogeneous, trace organics, scattered brown

organic nodules  (Qpfnf)

ML

Stiff, dark gray, moist, sandy SILT (ML), trace
medium sand, fine sand, subround to round,

| nonplastic, slow to rapid dilatancy,

homogeneous (Qpfni)

ML

Hard, dark gray, wet, sandy SILT (ML), fine

. sand, subrounded to rounded, nonplastic to low

plasticity, low strength  (Qpfnl)

CL

Hard, dark gray, silty CLAY (CL), trace fine
gravel, low plasticity, medium strength, massive,
occasional partings of light gray fine sand
(Qpfnl)

AL

354 to 360 foot sample fell
out of core barrel during
extraction

Conventional radiocarbon
galge 28,600 +/- 250 years

Occasional brown organic
nodules




Rev. 3 {Ver.1.1 Jan02BRIGHTWATER-BRIGHTWATER.GLB-BRIGHTWATER.GDT} O:\GINT\PROJECTS\BRIGHTWATER P19.GPJ 2/4/04

Project:
Project Location:
Contract Number: E23007E

King County WTD / Brightwater Conveyance System
King & Snohomish Counties, Washington

Log of Boring E-105
Sheet 12 of 16

Elevation,

feet

—170

—165

—160

—155

—150

145

—140

SAMPLES

Type

Number

Blows /6 in.
Recovery, %

(N)

Graphic Log

MATERIAL DESCRIPTION

Piezometer

Schematic
Lab Tests

Pocket

Penetrometer (isf)

REMARKS AND
OTHER TESTS

385

60

62

63

410

64

83

87

100

98

Stiff, dark gray, wet, slightly sandy, clayey SILT
(ML), fine sand, subround to round, low
plasticity, low strength, massive, slow dilatancy
(Qpinl)

Dense, dark gray, wet, silty SAND (SM), sand
fine, rapid dilatancy  (Qpfnf)

ZA - -AAAL-Abbbb)bbbk§6KDMMIHIDPDODIDBHOQIS

CH

Hard, dark gray, moist, silty CLAY (CH), trace
fine sand and fine gravel, moderate to high
plasticity, medium strength, non-dilatant,
massive, scattered partings of fine sand, light
gray (Qpinl)

Numerous partings/nodules of light gray fine
sand/silt

Stiff, wet, slightly sandy, fine sand, subround to
round, nonplastic to low plasticity, massive,
scattered brown organic nodules

18-Inch thick silty fine SAND stratum, numerous
organics, rootlets/woody debris
Hard, moist, slightly silty, trace fine sand, low

plasticity, medium strength, numerous partings of

light gray silt.

Increasing silt content

SA
HA

100 |}

Dense, dark gray, moist, silty SAND (SM), fine
sand, subrounded to rounded, layers of silty
sand with clay (CL) pockets, trace organics
(Qpfnf)
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Project:
Project Location:
Contract Number: E23007E

King County WTD / Brightwater Conveyance System
King & Snohomish Counties, Washington

Log of Boring E-105
Sheet 13 of 16

Elevation,

feet

—135

—130

—125

—120

—115

—110

—105

SAMPLES

Depth,
@ feet
Type

E-3
Y

Number

Blows /6 in.
Recovery, %

(N)

A Graphic Log
USCS

MATERIAL DESCRIPTION

Piezometer
Schematic

Lab Tests

Penetrometer (tsf)

Pocket

REMARKS AND
OTHER TESTS

65

66

67

68

80

79

93

-

Dense, dark gray, moist, silty, clayey SAND
(SC). fine sand, low to nonplastic (Qpfnf)

Very stiff, dark gray, moist, sandy SILT (ML)
(Qpfnl)

Grades slightly clayey, trace tine sand,
nonplastic, slow to rapid dilatancy, massive

Dense, darj gray, moist, very silty SAND (SM), to
very sandy SILT (ML), fine sand, trace organics
{Qpfnf)

Grades silty, trace clay, low toughness,
nonplastic, fine sand

Decreasing silt

Increasing silt

Grades silty SAND (SM) to sandy SILT (ML)

100

Siiff, dark gray, moist, slightly sandy to sandy
SILT (ML), trace medium sand, fine sand,
subround to round, nonplastic, slow to rapid
dilatancy, homogeneous (Qpfnl)

Dense, dark gray, wet, silty SAND (SM), fine to

| medium sand, subrounded to rounded,

homogeneous (Qpfnl)

SA
MP

Run 65 drilled/sampled 3
times before brought up,
TCB starts logging

Sample discovered to have
slid out at 1615. 1 foot run
lost. Drilling done for 3/15 at
1630.
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Project:
Project Location:
Contract Number: E23007E

King County WTD / Brightwater Conveyance System
King & Snohomish Counties, Washington

Log of Boring E-105

Sheet 14 of 16

Elevation,

feet

—100

—85

—70

SAMPLES

B Depth,
Type

N feet

Number

Blows /6 in.

(N)

Recovery, %

Graphic Log

USCS

MATERIAL DESCRIPTION

Piezometer
Schematic

Lab Tests
Pocket
Penetrometer (isf)

REMARKS AND
OTHER TESTS

450

69

70

470

71

72

75

92

100

92

Hard, dark gray, moist, slightly clayey SILT (ML),
nonplastic, medium strength, numerous organics
(dark brown), black and white organic nodules,
Dense, dark gray, wet, silty to slightly silty SAND
| (SM), fine to medium sand, subround to round,
homogeneous, scattered silt clasts  (Qpfnf)

Hard, gray, moist, slightly clayey SILT (ML), low

|\ plastsicity, low strength, massive, numerous

black organic nodules (Qpfnl)

| Hard, dark brown, moist, organic SILT (OL),
nonplastic to low plasticity, medium strength,

_\ numerous brown-black organics  (Qpfnw)

Hard, brown gray to gray, moist, clayey SILT

| (ML), low plasticity, medium strength, massive,
numerous organic nodules  (Qpfnl)

|_ Becomes sandy

Trace fine sand, low plasticity, low strength, slow
| dilatancy

i Layer of rapid dilatancy at

OL |

Hard, dark brown, moist, organic SILT (OL),
nonplastic to low plasticity, medium strength,
numerous brown-black organics _ (Qpfnw)

ML

Stiff, gray, wet, slightly clayey SILT (ML), trace
| fine sand, low plasticity, low strength, massive,
scattered organics, slow dilatancy (Qpfnl)

Recovery of Run 70
attempted approximately 6
times

459 to 465 feet sample
appears to be intact and not
reoworked/drilled
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Project: King County WTD / Brightwater Conveyance System
Project Location: King & Shohomish Counties, Washington
Contract Number: E23007E

Log of Boring E-105

Sheet 15 of 16

Elevation,

feet

—65

—55

SAMPLES

Depth,
feet

Number

Blows /6 in.

(N)

Recovery, %

Graphic Log

MATERIAL DESCRIPTION

REMARKS AND
OTHER TESTS

Piezometer

Schematic

Lab Tests
Penetrometer (tsf)

Pocket

490

73

74

510

75

94

94

100

Dense, dark gray, wet, slightly silty SAND
| (SP-SM), fine to medium sand, subround to
round, poorly-graded, homogeneous (Qpfnf) .

Grades silty, occasional organics

- Grades to very stiff, brown gray, mottled, silt (ML),
trace fine sand, nonplastic to low plasticity,

medium strength, numerous organics, slow to
<\ rapid dilatancy

Laver rapid dilatancy at 484 ft bgs  (Qpfnf)

- Dense, dark gray, wet, silty SAND (SM), fine to
medium sand, subrounded to rounded,

- homogeneous, occasional organics  (Qpfnf)
Grades trace fine sand, nonplastic

Medium stiff, gray, wet, sandy SILT (ML), fine
- sand, nonplastic, homogeneous, rapid dilatancy
(Qpfnl)

| Grades very stiff, moist, slightly clayey, trace fine
| sand, numerous organic nodules

PT

- Very stiff, dark brown, wet PEAT (PT), numerous
partings of ash, fibrous, wood debris, 2 to 4-inch
L layers of gray SILT (ML) - (Qpfnw)

ML

Medium stiff, gray, wet, slightly sandy SILT (ML),
_ fine sand, nonplastic, scattered organics, low
strength, rapid dilatancy  (Qpfnl)

Dense, dark gray, moist, silty SAND (SM), fine
| sand, subround to round, homogeneous
(Qpfnf)

Grades fine to medium sand, numerous silt clasts,
| trace fine gravel

Grades gravelly, fine to coarse gravel, subround
| to round

| Grades slightly gravelly
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Project: King County WTD / Bri rc n ste :
o;_ect g -y rightwate 0|.1veya ce -Sy m Log of Borlng E-105
Project Location: King & Snohomish Counties, Washington
Contract Number: E23007E Sheet 16 of 16
SAMPLES .
< = R 2 o ey
] i © R O | o B
T 5 5| = 51 e MATERIAL DESCRIPTION 28 | | _E| REMARKSAND
33 88le 2| £ g5 38 sg | - |85| OTHERTESTS
we QLo [ b S| % o5 | € |9
> 3 == (U] = =0 © o3
L mn< x (G =) ow 4 |
515 75 TO0
i | Dense, dark gray, moist, siightly sity SAND |
] | (SP-SM), fine to medium sand, subround to ]
round poorly-graded, homogeneous, numerous
A | siltclasts (Qpfnf) i
—30 1 - |
520 — —
i Interbedded layers of stiff, dark gray/green gray,
25 i | slightly clayey, slightly sandy SILT (ML), fine |
sand, nonplastic, low strength, trace brown
5251 | organic nodules  (Qpfnl) ]
1 Dense, dark gray, moist, slightly silty SAND MP
] | (SP), poorly-graded, fine to medium, trace gravel |
77 100 (Qpfnl)
1 | Grades fine to coarse gravel, subround to round i
—20 1 - i
530 — 1
i Dense, dark gray, moist, silty SAND (SM), fine
L 15 J | sand, trace medium sand, homogeneous |
(Qpfnf)
535 - -
Terminated boring at 535 feet below ground
| | surface |
—10 . - "
540 - —
_5 - - .
545 = —
_0 - = -
550— — —




Project: King County WTD / Brightwater Conveyance System Log of Borlng E-106
Project Location: King & Snohomish Counties, Washington ‘
Contract Number: E23007E Sheet 1of 17
DaS(®) 4111103 - 4/22/03 Geotechnical Camp Dresser & McKee Inc. g‘;,gged RW g{,‘ec“e" VJP 02-03-04
Drilling Method/Rig TypeWireline/ T3 Rniing ., Cascade Drilling, Inc. Lotal Depth 566.0 feet
- - ) . " Ground Surf
giazsg,r}gype PQ(7"0.D.) Hammer Weight/Drop (Ibsfin.) 300# /30 Elound ~face  581.9 feet / Metro
Location 20357 Greenwood Ave Coordinates N 287281 E 1266085 Elevation Source  Survey
SAMPLES &
g s | =[® 5o 5
O . ~ - S o D
5 £ 51 2 = o MATERIAL DESCRIPTION 2% | 7 § REMARKS AND
38 2B|lo 2| 2 21818 o5 | £ [8§| OTHERTESTS
we aele §| 3|8 || 3 85| 2 (355
0 - = nZ r | O D o | 3 |daa
rd Ve
] 5 .11, 0 to 6 ft bgs excavated with
vacuum truck, not sampled
—580 - B 1 ,
7 /
7 B 17 /
i | 17 V4
, , Drive 6-inch-diameter
5 - -, . casing to 18 feet bgs
] ’ 4
Dense, yellow-brown, moist, slightly siity, sandy , P Soil description inferredd
575 | | GRAVEL (GW-GM), trace cobbles, well-graded, | from drill action and cuttings
fine to coarse subangular gravet (Qvtm) 4 7
. | o I'd
d 7
T [ 1~ ’
10— — i 2
I /
b i 1~ ’
—570 e = 11 |~
/ /
] | ] Ve /
- - -7 Ve
/ /
15 — 1 . -
’ ’ Driller reports hard drilling
| | 4, , in cobbles and boulders
—565 R " R 11 |-
i] 1 4?1—0%(1/)2 0 , , No recovery, stone in
| | | sampling shoe
7 7
B | 47 s
, , Drillers use tri cone bit for
20 | ] drilling through formation
4 4 from 21 to 37 feet bgs
N | 17 7
Ve /
—560 - B 141 17
- L d7 /
s Ve
T 3 1/ ,
25— - I R
Groundwater Observation Data: Remarks:Negative Groundwater Data indicates measurements above Ground Surface
Recovery values > 100 indicate sample expansion during sampling.
OW (FT BGS): 390.0 (Low) 388.9 (High)
VWP1 (FT BGS):
VWP2 (FT BGS):
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Project: King County WTD / Brightwater Conveyance System LOQ of Boring E-106
Project Location: King & Snohomish Counties, Washington

Contract Number: E23007E Sheet2 of 17
SAMPLES <
< £ X8 5o 5
e . ~ o} L9 @ =
= 5 2 S| e MATERIAL DESCRIPTION 2% | g £| REMARKS AND
o8 oBle €| £ g |58 Sg | -~ |85| OTHERTESTS
We ofls 5| 6 | 3| 8|9 o6 | € |85
25 = Z m< | O] > o.w | - joao
v s 7
7 B 17 Ve
—555 e - 4171 17
I'd e
-] = 17 7
/ Ve
/ 7
30 i 171 |7
_. | 17 7
Ve 7/
—550 E - 4.1 1,
- - d7 /
P , - {Hard drilling
7 i 1 ’
35— - P
/ /
T e /
—545 4 |an e M- e e
EI o |19-50/5" g Very dense, brown, moist, sandy GRAVEL ’ ’
] (100+) | (GW), well-graded, fine to coarse subangular 17 7
gravel (Qva) ’ ’
3 o =4 7
40_ | 7/ 7
Ve 7
] B Ve?y_c‘i_eﬁs-é-, B—rgv_vﬁ,— rFoEt,_sli—éh_tl—y_s—iff)—l,—ér;\/e_llf B i d Drilling smoother
540 i | SAND (SW-SM), well-graded, fine to coarse x4 4
sand, fine to coarse subangular gravel (Qva) - ,
i i 171 |7 Soil description inferredd
A N 17 ’ from drill action and cuttings
7/ 7
45— [~ - 4
4 - 17 Ve
s 'd
—535 - - 1.1 1,
- - 47 /
/ e
T [ 1/ ,
50 — - ’
/ ’
) / I
“‘530 -1 = -/ Vi
/ rd
] i ) / Ve
1 [~ 17 s
55_ | ] 7 Vs
/ /
T B 17 7
525 : " - 471 17
® 3 | 356, | 100 A
T B 1/ I
| | " Ve 7
Ve 'd
60— - -
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Project: King County WTD / Brightwater Conveyance System Log of Boring E-106
Project Location: King & Snohomish Counties, Washington
Contract Number: E23007E Sheet 3 of 17
SAMPLES o
g £ O\Q" EOFI) -:G_-’-Q ) é
T s 51 2 ol IS MATERIAL DESCRIPTION 2% | 4| £| REMARKSAND
53 Bwle 2| 2 s | 5|8 s§5| = |s2| OTHERTESTS
we oL 51 51 8| 8|0 25 | 8 185
- Z m< nd (O] ) owm — oo
60 TS
N - 17 Ve
—520 - - 471 17
7 e
7 i~ 17 s
i | | 7 7
/ Ve
65— » -1/ s
n - 17 /
Ve Ve
—515 - o - s
| | d- Vs
7/ /
1 [ 7] / v
70"“ - — Ve
7 Ve
] i 1.1 1~ Drill action suggests
510 I N N (25X 1oy I , , cobbles
Very dense, gray, moist to wet, sandy GRAVEL
| . (GW), trace silt, well-graded, fine to coarse 17 4
subangular to subrounded gravel (Qva) ’ s
s o H~ ’
75_ | ] 7/ e
/7 Ve
T B 17 7
" s /
505 el 4 (?8/05+) - 1. ’
7 B 7 7
| P i 4 /
4 7/
80— B 171 |-
__ . 47 /
4 s
—500 . - 1,11,
- - 47 e
Ve 7/
T [ ] 7 e
85_ — -— 7 7/
7/ /
T i T 7/ 4
—495 . - 471 17
s 4
] i h I /
E - =47 s
90_ - B I /
7 4
-1 I~ 37 /
-490 . - 47117
4 /s
= - 3/ 4
| | ] 4 4
/ '
95— L -
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Project Location:

Project: King County WTD / Brightwater Conveyance System
King & Snohomish Counties, Washington

Log of Boring E-106

Contract Number: E23007E Sheet 4 of 17
SAMPLES =
5 s =& 5o | .| &
'*§ s 51 2 =] o MATERIAL DESCRIPTION gg @ % REMARKS AND
8 §¥|lo €| 2 gl ald Sg | = |85| OTHERTESTS
e affe 51 813 8|6 25 | B |85
o = 2 BZ || & | D oA | 3 |ca
gJ , ,
- 1/ s . -
Cobbles noticed by drillers
_485 A Y2 L TR 3 - . S S U S e s
el 5 (?80+) Very dense, wet, olive gray, slightly gravelly to s ,
] gravelly SAND (SP), poorly-graded, fine to 4, ,
coarse sand, fine to coarse subangular to
] subrounded gravel (Qva) 47 s
, , Soil description inferredd
100-] -, . from drill action and cuttings
B 17 e
s s
—480 E 4., .
= d7 s
I Vd
T 1/ ’
105 -7 ’
e e
1 T Ve /
—475 - 47 ’
e Ve
] ] 4 7
. 17 /
110 ARy
1 = Vs rd
—470 L 47 7
, , Drill action suggests some
] 1, , gravel
N a Ve /
7 /
115 -1, ’
a 17 7
65 g g
—4 . 50/4" .
=l 6 | (J004) 1|7
- 47 7’
e Ve
T 1/ ,
120 -7 7
7 7
T 1 7/ v
—460 E 47 e
7 Ve
] ] / Ve
- 17 4
1251 ARy
-1 he Ve /
~455 . 11 17
Ve /
N 17 /
N i / 7
/7 7
130— -
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Project: King County WTD / Brightwater Conveyance System
Project Location: King & Snohomish Counties, Washington

Log of Boring E-106

Contract Number: E23007E Sheet 5 of 17
SAMPLES =
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Project Location:

Project: King County WTD / Brightwater Conveyance System
King & Snohomish Counties, Washington
Contract Number: E23007E
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Project: King County WTD / Brightwater Conveyance System
Project Location: King & Snohomish Counties, Washington
Contract Number: E23007E

Log of Boring E-106
Sheet 7 of 17
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Project Location:
Contract Number: E23007E

Project: King County WTD / Brightwater Conveyance System
King & Snohomish Counties, Washington

Log of Boring E-106
Sheet 8 of 17
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roject: King C i Conveyan ;
Proj g ount-y WTD / Brightwater Conveyance -System Log of Borlng E-106
Project Location: King & Snohomish Counties, Washington
Contract Number: E23007E Sheet 9 of 17
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Project:
Project Location:
Contract Number: E23007E

King County WTD / Brightwater Conveyance System
King & Snohomish Counties, Washington

Log of Boring E-106

Sheet 10 of 17
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Project: King County WTD / Brightwater Conveyance System LOQ of Boring E-106
Project Location: King & Snohomish Counties, Washington

Contract Number: E23007E Sheet 11 of 17
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Project:
Project Location:
Contract Number: E23007E

King County WTD / Brightwater Conveyance System
King & Snohomish Counties, Washington

Log of Boring E-106
Sheet 12 of 17
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Project:

King County WTD / Brightwater Conveyance System
Project Location: King & Snohomish Counties, Washington
Contract Number: E23007E

Log of Boring E-106
Sheet 13 of 17
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Project:
Project Location:
Contract Number: E23007E

King County WTD / Brightwater Conveyance System
King & Snohomish Counties, Washington

Log of Boring E-106
Sheet 14 of 17
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Project: King County WTD / Brightwater Conveyance System
Project Location: King & Snohomish Counties, Washington
Contract Number: E23007E

Log of Boring E-106

Sheet 15 of 17

SAMPLES =
g s =18 o
= - 5 — =g 2] ©
® < 51 2 2l o MATERIAL DESCRIPTION 2% | 3| £| REMARKSAND
58 8Ble 2| 2 3| 5|8 &5 | © [88| OTHERTESTS
ue afje 3~ o | o NE | o |58
> 9 == [} o —Q © o0
480 - Z m< 14 [©) 2 ow 4 |da
il Wood pieces AR
- = . AN N\
Grades very stiff, sandy silt, low plasticity T
100 1 N 17>
39 80 aEe
. - 1. N " N\
E | 1AV E
NN Hard drilling
485 — -1, N
. | 1>
AN N
95 | B | o7 Circulation mud: Fine to
NN
40 0 coarse sand, no recovery,
" B IPAYA outwashed sand
NN
i - _____ Soil description inferredd
490— | Slightly silty, gravelly SAND (SW-SM) to slightly s NN from drill action and cuttings
silty sandy GRAVEL (GW-GM) {Qpfnb) NN Circulation mud: Sandy
s 7 ravel to gravelly sand shell
. - 1,9 ragments
—90 e R 1,
PR No recovery
i i 1~ Gravelly drilling
= L. 4. ~ / N\
41 0 PR
495 [ N 2N N
- - 4., AN ’ N
g5 | | 1 NN
NN
- = 1. AN ” N\
- | s>
NN
500 — ~,N 8
. B PR
PRNRN Gravelly drilling
—80 e = 1,8,
-1 = A1 ~ Y N\
SN N No recovery
E B 7 N AN
42 0 o7
505 = A, N
NN
. - 1, .
_75 A | 4., AN 7 AN
NN
7] B 1,
m n N AN
N N\
5101 - R -
s Gravelly drilling
- = -, N 7 N\
|70 i | |- NN
NN
1 43 0 B 4N N
B | 1A
NN
515 - I N




Rev. 3 {Ver.1.1 Jan02BRIGHTWATER-BRIGHTWATER.GLB-BRIGHTWATER.GDT} OAGINT\PROJECTS\BRIGHTWATER P19.GPJ 2/4/04

Project:

King County WTD / Brightwater Conveyance System
Project Location: King & Snohomish Counties, Washington
Contract Number: E23007E

Log of Boring E-106
Sheet 16 of 17
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Project:
Project Location:
Contract Number: E23007E

King County WTD / Brightwater Conveyance System
King & Snohomish Counties, Washington

Log of Boring E-106
Sheet 17 of 17
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Project: King County WTD / Brightwater Conveyance System Log of Boring E-107
Project Location: King & Snohomish Counties, Washington
Contract Number: E23007E Sheet 1 of 16
Date(s) . Geotechnical Logged Checked g
Drilled 3/19/03 - 3/24/03 Consultant Camp Dresser & NMcKee Inc. By Rw By VJP 02-03-04
Drilling Method/Rig Type D&M/Wireline/ T3 Driling  Cascade Drilling, Inc. Total Depth 548.0 feet
S pe PQ(770.D) Hammer Weight/Drop (lbsfin) ~ 300#/ 30" Ground Suface 549 5 feet / Metro
Location 782 N. 204th SE Coordinates N 287288 E 1268071 Elevation Source  Survey
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= c = |2 . 5
2 - © Pl 22 » 5
B s 51 <2 =l o MATERIAL DESCRIPTION 2 s | 3 £ REMARKS AND
38 88|lo 2| 2 31588 sg | - |23 OTHER TESTS
we oele 51 5o 8|5 a 25 | 8 |85
0 - Z nZ ¥ | G| D o | 4 |ada
N 0-8 feet excavated with
] | 4., vacuum truck, not sampled
] i 17 N
sy
] n 17> 7
| | 17>
—545 s
5 — i 2N
] | 1>~
N
1 i 1>~ fDrmigglMud Rotary 8 rtfo 180
] B 4. eet below ground surface
Very dense, brown, wet, sandy GRAVEL (GP), 7 (bgs)
] | trace silt, poorly-graded fine to coarse sand, 77
poorly-graded fine subangular gravel (Qva) N
—540 Ny
10 B N Soil description inferred
| | 177 from drill action and cuttings
s Irregular drilling resistance
] B d,N, in gravel
N
i = 1,8,
- - 4,/
535 151 fe‘ N 17 : ’
:‘.',. 7’ /
R o"io 3 4>/
":‘.": N/
:’:5:‘ s
| €d. 9 i 1 <
980 s N s
b & ": - i
530 I /N
20 50/3" K — -
i] 1 (1 00+) 33 . ..{.‘ Ve ’
e 4 N
T <4 7 i 1
o’ \'. s N
1 A’U;O‘ u = AN
<da, s
: s | NG
(3 X N
] :’:ff‘ ] 1>~
—525 <d < N
— PR PN L. A7z rd
Groundwater Observation Data: Remarks:Negative Groundwater Data indicates measurements above Ground Surface
Recovery values > 100 indicate sample expansion during sampling.
OW (FT BGS):
VWP1 (FT BGS)223.8 (Low)  221.3 (High)
VWP2 (FT BGS)223.9 (Low)  220.8 (High)
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Project: King County WTD / Brightwater Conveyance System Log of Boring E-107
Project Location: King & Snohomish Counties, Washington
Contract Number: E23007E Sheet 2 of 16

SAMPLES

MATERIAL DESCRIPTION REMARKS AND

OTHER TESTS

Elevation,
feet
Number
Blows /6 in.
(N)
Recovery, %
Graphic Log
Lab Tests
Pocket
Penetrometer (tsf)

rn Depth,
Type

@ feet

0
c\. "l
*d

*
USCS
» + s|Piezometer

NN N N N N N\ \ }Schematic

.Y
[ATA

»
PO WU WO WL WU WL W2 WAL WU WK WL

I I

n\“.‘ u\.... o

". . ,.". . ,.‘
s

—520

%
=3
J
‘.
-
09,

o800 o8

L\

5
(L7A

[

&
N\

L
)
-
(17

o

]
Va
Gog,

o
a

NN N

ot
0%,

—515

‘s

()
o
]
NG
Y

—510 0 sd,
407w 2 (306 | 50 {68 GW | Very dense, brown, wet, sandy GRAVEL GW), |
| Bty | well-graded to sandy GRAVEL (GP),

poorly-graded, fine to coarse gravel, fine to
| L 6 0 | coarse sand, subangular gravel (Qva)

Soil description partially
inferred from drill action and
cuttings

__505 ()

D N T N N N N N T T e T T T U N U N Y T W N N T T Y

:
4

L 500 PO &

-
.4
6.9.
]
NN N NN
NN N N N N N N N N N N N N N N N N N N N N N NN

&
.

[ ]
-
]
N

VA AV AP AP A S A A A Y A A A A A T AP A A A Y e A A A A A A A A S A
N

Ve
N

—495

S L L7
NN N NN

e

L3
NN N NN NN N NN N NN
N

/7

490 L 8B 6
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Project Location:
Contract Number: E23007E

Project: King County WTD / Brightwater Conveyance System
King & Snohomish Counties, Washington

Log of Boring E-107
Sheet 3 of 16

SAMPLES &
g £ °\°. ET_’..‘_J 7] s
= < 51 < = MATERIAL DESCRIPTION 25 | @ % REMARKS AND
85 Bule 2| 2 g Q s§| S |82| OTHERTESTS
we olle 5| 85 | § ) o5 | §18%
e = mZ o =) oW i N
60 3 50/4" 0 N Sand and gravel in
| (100+) i N circulation mud
_/\/
— N s
B 1N -
i 1>~
485 N
65— —H,~.
| 1>
N
- 1>~
] 4>
sy
—480 /:/
70 1.7
N
1 1> -
| d/N .
N,
T AW
_ AN,
—475 N
75— 1N,
| 14/ > -
) _/\/
N
- 1> -
| qs> -
—470 s
80~i| 4 (?865:) 0 i Es Sand and gravel in
| 1>~ circulation mud
N,
1 1>~
E 4,/
N
- 3 N
—465 /\/
85— 177
N
7 VAW
] d/,N
N
T 1.~
] E AN
460 90 _:::
4 1>/
| _/\/
N
s 1N/
] 1>
455 N
95— -
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Project: King County WTD / Brightwater Conveyance System Log of Boring E-107
Project Location: King & Snohomish Counties, Washington

Contract Number: E23007E Sheet 4 of 16
SAMPLES o
s < =18 5o 5
s - - — s %) D
T £ 51 <L ol I MATERIAL DESCRIPTION 25 | 2 “g’ REMARKS AND
2% gol|le 2| £ 215138 Sg | - |B% OTHER TESTS
ne oele El 82|15 5| @ So |5 (%t
> 3 L @ — =0 [ [el)
95 - = mn< '4 [V} > owm 4 |oa
[os 4 N
i 8@ .9 | A,N
| .:.:‘. | 17 Ny
<Y N
- ....‘. - 4.~
O @ N,
...... | 1- N,
450 oo N
1001 5 (110(%2) 0 '...._.' B 1 Sample collected from
| B i 1P cuttings of circulation mud
I3 g
YN N (crushed gravel)
Qpts s N7
h ::.:.I L 1,N ,
i > N s
PR Hard drilling in gravel and
4 4. cobbles
s I
445 1054 1 ]l lemit-—d4—————— - — ] N Drilling smooth
Very dense, brown yellow, wet, slightly silty, SN,
| | gravelly SAND (SP-SM), poorly-graded fine to
medium sand, fine subangular gravel (Qva) N Soil description inferred
| 4,N, from drill action and cuttings
N
] 1.~
_ 4,N ,
—440 7N
110 1,
- eV N Y
| 1 N
s N,
" 1,/
| i Es
—435 N
115 ~,N,
] 1>
N s
] 1> ~
] 1>
N
. N N
-1 50/5" _
® 6 | (foox) | 50 Ny
] 1,
. d.N s
N
i AW
. d.N,
425 SN,
125 -1 <
e I
. -, AN 7
| } E
sy
] 1. -
| I 2
—420 2N
130- —
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Project: King County WTD / Brightwater Conveyance System
Project Location: King & Snohomish Counties, Washington
Contract Number: E23007E

Log of Boring E-107
Sheet 5 of 16

SAMPLES e
5 £ =g ol o, | &
5 ﬁ s 2 =l o MATERIAL DESCRIPTION g‘g 7 £ REMARKS AND
23 88l £ 2 3158 S | - |85| OTHERTESTS
we ofle 5| 55| § g ? g% CREE
130 - Z m< Y = 7] g |ada
Vs Ve
] 5 q4-,N
] | PN
’ N
N - 17> »#
E L i S
—415 N
136 — ~A,N,
| N 1>/
| ow [ ga_n-dngK\/_EL_(G_\/\E,Wel_l—g;a-aeagszrﬁy—_——_ ’ : 4 Soil description inferred
GRAVEL (GP), poorly-graded, fine to coarse [ from drill action and cuttings
_ | gravel, fine to coarse sand, subangular gravel 1>/
(Qva) o~
] B 1>~
1% a0 504" - 1
|l 8 | ooy | O Ny
N = 1, .,
N | E D
N
) - 1,
N | E
405 145 | |- : v
7 Ve
E N 1>
E n 1 Y
PRV
] L T 7
- B i
—400 N,
150 — ~.,~,
| 2 1>
N
] - 1> ~
] B 1~
N
395 N
155 — i A
N
- - 1 v, AY ’
] " 4N
N
i - 1.,
. R E P
-390 . N
0T o | 335 | o B Y
| B H47> s
E » 1- N
N
] - 1> -
. [ q7> -
—385 N
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Project: King County WTD / Brightwater Conveyance System
Project Location: King & Snohomish Counties, Washington

Log of Boring E-107

Contract Number: E23007E Sheet 6 of 16
SAMPLES =
< g |=|® - P
e - © R Lol o s
g £ 5 < = o MATERIAL DESCRIPTION 28 | 3 £ REMARKS AND
53 88le 2| & 2188 Sg | - |85 OTHER TESTS
e ofle 5| 3| ¢8| | & 95 | 8 (8%
1e5lF 2] @ £l ]> po | 3 |cd
hid N s
4 L. - ~ Y
] i 1~ Ny
N s
| N 17N -
| | i Es
—380 N
170+ — —H,N,
] | i P
N
7] i 12> -
i | AN
s\ s
T B 1>,
375 175 | 1l lem¥t——"t——— T — N . o
Very dense, brown yellow, wet, slightly silty N Soll description inferred
| | gravelly SAND (SP-SM), poorly-graded fine to s from drill action and cuttings
coarse sand, fine subangular gravel (Qva) N
] R qs> -
N s
B - T SN .
e - q47 7
—370 . N
180_i| 10 5?1‘0%9!)1" 67 B EAY Switch from mud rotary to
| | i AN wire-line at 180 feet; no
core recovery. Switch to
N Mud Rotary from 185 to 229
i - 1, feet bgs
] B 1> 7
| | i Ed
—~365 N s
185 — —A,N,
] | 1>
s N
N B 1~ N 7/
] 5 1>
s s
| = ] ~
360 7
190 — I
N
. - N N,
] = 4N
N
B - 1.~
E - SN .
~355 N
195 -‘ 1.~
4 - -, ~ 7
| | 1 Ny
N
| L b P2
| | qsNo
—350 N
200 - .
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Project Location:

Project: King County WTD / Brightwater Conveyance System
King & Snohomish Counties, Washington

Log of Boring E-107

Contract Number: E23007E Sheet 7 of 16
SAMPLES =
g = R 2 @ o g
R - ~ -] = 2] @
I 51 2 51 e MATERIAL DESCRIPTION 25 | 4 £| REMARKS AND
88 88|le 2| 2 s |8l Sg | - |85| OTHERTESTS
we olla 5 3| 8| 810 o5 | 8185
200 - Z nZ 4 Q] ) [SN] -4 |aa
] 11 ?8’6‘_,_ 67 Transitions fine to medium sand, dropstones of .~ 0 BG
i ( ) | coarse gravel 4.~
| 17 N
N s
i 1> -~
i i A
—345 s
205 —H,~,
N i PN
s
T 1/~
N i P2
N s
- T ~
340 N
210 -7 7
N
T 1AW,
B 4>
N,
§ IAY;
B E P
335 AN
215 -1 <
/7 7/
- eV N Y
i sp | Very dense, olive gray, moist, SAND (SP), trace |~ ® 7
silt, trace gravel, poorly-graded fine to medium N
| 50/4" | sand, homogeneous (Qva) 4,
| 12 | 3504 | 50 N
i _ /7 e
330 N
220 ~,~.
| 1>~
VAV
7] 1> »
| 1> 2
N
T 75/5" 1., N
325 ml 13 | 100+ | 50 N
225 — - s RO
Transitions - no gravel N
R 7z 7
] 1.~
] d-N .
N
] AW
. 20 - 50/2" : EA
320 BT "o+ | ©7 Ny
230+ 15 100 EAY: Switch to wire-line drilling
.~ method
Al 1~ N
r\ﬂ% P
1H 4.+,
] e %4 1.~
315 N
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Project Location:

Project: King County WTD / Brightwater Conveyance System
King & Snohomish Counties, Washington

Log of Boring E-107

Contract Number: E23007E Sheet 8 of 16
SAMPLES =
g s 2|8 5o 3
RS - - | 209 ® L
= s 1 2 o IS MATERIAL DESCRIPTION 2% | 7 €| REMARKS AND
3% 88Blo 2| 2 215818 5512 |s8| OTHERTESTS
me celg 5 5o |8 E(3 RL |5 |38
gas | Z | @E | 2|6 |5 an | 3|82
e ML Very stiff, olive gray to gray blue, moist, slightly N
| sandy, slightly clayey SILT (ML), medium i AN
1 plasticity, homogeneous (Qpfnf) N
_‘f] . Occasional organics 17"
17 108 s N
“"] B 1, >N/
| I |~ BG
—310 N
240 ™ Transitions hard, gray, clayey silt, low plasticity |7~ * 4
N
: 18 50 - 47 7
N
| - 1> -
4 B 1>/
N 26
205 Biid | Transitions stiff, wet, trace clay 1 11 me '
19 108 N
245+ — I A
Ny
Dense, gray to gray green, wet, silty SAND (SM), N
| 20 90 | fine sand, homogeneous, occasional organics SN,
(Qpfnf) .
s Ve
i 1.~
] _ i 4,/
300 Slightly siity Ny
250 — N
21 98 s
| B 4>/
E B i K
N
B 1, N/
1 B q N7
—295 2N
255+ = —H.,~,
22 96 N
n = 1>
s
] - 1> -
B 1,/
N
290 ] i 1>~
260 — g,
23 70 N,
i | ML | Very stiff to hard, gray, moist SILT (ML, low |+ > ~
J | plasticity, homogeneous  (Qpfnl) 4,N,
N,
I~ B BN
i) g N
-+ D e e e e e e e e e e — s N
YT 24 70 P CL Very stiff, gray, moist, silty CLAY (CL), medium N,
- | plasticity, homogeneous  (Qpfnl) _
265 N
- -, N Vi
25 120 PR
Very stiff, gray, moist, clayey SILT (ML), medium N
i | plasticity (Qpfni) 4.~
11 MP
g L i Es
280 26 s
270 N
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Project:
Project Location:

King County WTD / Brightwater Conveyance System
King & Snohomish Counties, Washington

Log of Boring E-107

Contract Number: E23007E Sheet 9 of 16
SAMPLES =
g £ X8 5o 5
B - - — P %) D
T s 51 2 | o MATERIAL DESCRIPTION 2 8| %7 § REMARKS AND
8% 3%y £ ¢ g|a|d 98 | = |85| OTHERTESTS
L Q= s 2] Bl S5
R -3 -0 - ol ad | 3|28
Very dense, gray green, moist, SAND (SP), trace s\,
| | silt, poorly-graded fine sand, homogeneous, d,~,
occasional organics  (Qpfnf)
| 17 Ny
. . . 4 h 4
| | 3.5-inch very stiff, sandy, silty clay layer J.~,
I 27 78 - 47>
—275 A
2754 | Wood fragments 1
| 1>
Ny
T B 17>~
A . 18-inch stratum wet, scattered organics andwood |, ™ ~
11 28 111 fragments .~ 4 BG
3 - . AN
270 .
280 = N2
N
| | Transistions fine to medium sand 17 . ’
/ /
] B /N
N
41l 29 100 - 1.,
p | 4, ,
—265 N
285 - ~4
7 7
- - eV N 7
E | 1- N
N s
E 30 104 B AW
| | i Eas
260 P
290 — —.,~,
] N dr> .
s
) | Dense, gray, wet, slightly silty SAND (SM) |7~ 7
| : . (Qpfnf) 4~/
3t 100 12-inch silty clay layer SN,
7 B 7 N
265 N
95 SN, 4.5 |Slickensides
| . 18-inch silty clay stratum ]
VA
i | d.> .
s s
1 32 80 - 1,
] - q4.N .
—250 N
300 - -7
s s
| B AsN s
] N
Very dense, gray, wet, SAND (SP), trace silt, s N,
| 33 91 | poorly-graded fine to medium sand, occasional 4.~
organics, homogeneous (Qpfnf)
| | 1 EZ
245 s
%% ¢ s+ N
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Project Location:

Project: King County WTD / Brightwater Conveyance System
King & Snohomish Counties, Washington
Contract Number: E23007E

Log of Boring E-107
Sheet 10 of 16

gravel

SAMPLES o
g £ = 5 o 5
= . iy - - [%] ©
T £ s <L Sl e MATERIAL DESCRIPTION 25 | 3 €| REMARKS AND
33 §§ g 2| 2 g |s A S8 | = |85 OTHER TESTS
L o~ © 1) ] R
. 30: S Z| me | &|d| D i | 3|28
e b Very dense, gray, wet, silty SAND (SM), fine N
| . sand, occasional organics  (Qpfnf) d,~,
] | 17 N
_________________________ Ve N Ve 4.2
| 34 | Very stiff, olive gray, moist, silty CLAY (CL), N RN
medium plasticity, sandy layers, massive
i | (Qpfnl) 1N
—240 N Slickensides
310 — —,N,
| | -
N
] =5 60 | 1o
] N i P2
N
i L T N
235 N
315 — o~
s
1 |~ Very dense, olive gray, moist, silty SAND (SM), |+~ ~
| | trace clay, fine to medium sand, homogeneous, d,~,
36 100 occasional organics  (Qpfnf) Ny
n - A AW
E - E A
—230 N
320 B 1.~ G
13 = - N
1] Sandy silty clay layer ’ N 7
Y 100 s 17
RER Wi 7 7
i / CH | Very stiff, olive gray, moist, silty CLAY (CH), - 5 AN
/ medium to high plasticity  (Qpfnl) N Slickensides
7 Ve
—225 / N
325 — ~,N,
] / | 1>
38 80 / N s
T / B 1N -
N / N A, N,
/ N s
= T N
220 / 7
3301 / — —H
N,
M s a4 / [ 12-inch sandy silt layer IR EE
Jiil / I 1727 we
i - 1.~
L 215 235 / B Transitions slightly silty clay N
/ s M
i / i 1, <N A
1|l 4o 64 / I |y
/ N
] 3 17N ~
/ Coarse gravel, subangular N
/ V4
210 GC Very dense, gray, wet, slightly sandy, silty, SN,
340 s | clayey GRAVEL (GC), fine to coarse subangular R
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Project: King County WTD / Brightwater Conveyance System Log of Boring E-107
Project Location: King & Snohomish Counties, Washington

Contract Number: E23007E Sheet 11 of 16
SAMPLES =
3 c S 2 = 5
IS £ 51 < = ) MATERIAL DESCRIPTION 2 8| g £ REMARKS AND
o8B 98leo 1 2 3|1 5|8 Sg | = [85| OTHERTESTS
e NPl 5~ 3 ® o5 2 1og
= 5 o= o} i 24 LG s | 80
340 - 2 m< 14 V] o oo 4 oo
(Qpfnf) N Gravel-size granite and
| | 4 < sandstone
Vs 7/
41 2 SN,
i i i N Ve
] - s> »
5 1N~
| N 344 to 345.5 feet bgs,
205 aas|| 42 67 " H : N : sialmpLe appears to be
1« - sloug
i Sp- | Very dense, gray green, wet, slightly silty SAND {1~
SM (SP-SM), poorly-graded fine to medium sand, N,
| | homogeneous (Qpfnf) N
7/ Ve
11l 43 108 - i P )
6-inch gravelly, fine to coarse sand layer SN, 338 to 350.5 feet - organic
odor
200 | | 1
350 — >
N
§ B 1.,
_ L d> .
i1 88 ["CL [ Hard, gray green, moist, sandy CLAY (CL), low 1”7 ~ 7
T\i\l% plasticity, oxidized, scattered organics, N M
JH | dropstones (fine gravel) (Qpfnl) 1.~ I\/;I\I}-:’
—195 355 -~ /11 BG
EAY Slickensides dip
| | Transitions gray, occasional organics ., approximately 20 degrees
. from horizontal
7 Ve
N
R 45 30 = 1.,
] | I P
—190 N
360 | Grades to clayey silt B KR
i | 1>
N
N - 1>~
u 46 82 VA ——— — — —— e — — ] N,
Very dense, gray, wet, clayey GRAVEL (GC), N,
1 | subrounded, in clayey matrix (Qpfnf) 1.
185 O fSoil déasﬁ:ription inferred
365 — Silty sand layer 0.5 foot thick -1 : < rom drill action and cuttings
Ve s
| | | M
7N A1 SA
i B 4N
47 0 N
N Drill action infers gravel
m - d4,N .
—180 Ny
370 — T,
i = 1~ |
| | ’ ~ y |
i P &
N 48 O B “t 7 N 7/ N
VA N
175 275 ah
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Project Location:
Contract Number: E23007E

Project: King County WTD / Brightwater Conveyance System
King & Snohomish Counties, Washington

Log of Boring E-107

Sheet 12 of 16

SAMPLES =
g £ =8 8o 5
=2 - o - - %] D
= 5 2 2l o MATERIAL DESCRIPTION 2% | 3 £| REMARKS AND
2% 88le 2| ¢ 316|838 Sg | - |85] OTHERTESTS
TR NnNalo — Q © = o O o
u |5 S (o) @ fad [42] 93
m < © o O
| =Z m< 4 O] ) awm O jao
375 PR N
| H,> /N
i | Loose, gray green, wet, siightly sity SAND |7 > /[
(SP-8M), trace gravel, poorly-graded fine sand, awiN
| | fine subrounded gravel, occasional organics, 4 < KN
49 20 s
homogeneous (Qpfnf)
1 | , N VaN
—170 NP
380 1N wm
_ | Dense, gray, wet GRAVEL (GW), well graded, ]~ > /[ SA
fine to coarse gravel, subrounded (Qpfnf) PRNAN
1 s0 43 | Transitions wet, fine to medium gravel KA Y
. 1.~ SA
AN
N AN |
165 Uk
385_ ."‘. = — 7 Ve
.9 a2
1] ML | Stiff, gray green, wet, sandy SILT (ML), trace N
51 78 i
i | clay, low plasticity, homogeneous (Qpfnl) i IPRSA
N\ N 3
s 7
1 3 1.~ 8
- d4-.>N D
—160 1 2N M
390 — 1,80
= = -, AN 7 \|
| 52 100 | Loose, gray green, wet, slightly silty SAND 1> P
(SP-SM), poorly-graded fine to coarse sand, NN
i | occasional organics, homogeneous  (Qpfnf) H NN
B | ya N , N\
—155 K
395 — —.,~ N
. | 1PN
53 60 NN
T B - D
- 5 1NN
i 2N D M
150 | Loose, gray green, slightly silty, sandy GRAVEL |~ > [ SA
400 | (GW), well-graded fine to coarse sand, NN
well-graded fine to coarse gravel (Qpfnf) PRNUIN
| 54 10 | 1
| - 2 N ’ N\
N
p - 1.~
| 4, D
145 s | Wedium dense, gray green, wel SAND (&), |7 > 7
trace silt, poorly-graded fine to medium, 7NN
44 | occasional organics, homogeneous  {Qpfnf) RN
il 55 100 NN
b i T ’ N ’ \|
. - = AN 7 N\
| Dense, gray olive, moist, silty SAND (SM), fine to |~ > /[*
» 1 medium sand, homogeneous (Qpfnf) N AN
140 il
410+ b e ———— ] b
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Contract Number: E23007E

Project: King County WTD / Brightwater Conveyance System
Project Location: King & Snohomish Counties, Washington

Log of Boring E-107
Sheet 13 of 16

SAMPLES e
- . R o g
3 s >3 8o | o, &
S £ 51 = 51| e MATERIAL DESCRIPTION ﬂég 2 £ REMARKS AND
o8 8Ble €| 2 3| &ald S | - |85| OTHERTESTS
wd olje 51 8| | 81 o5 | £ 185
sodE_Z | @ Zlx|o} D an | J|&E2
Medium dense, gray green, wet SAND (SP), A
| | trace silt, poorly-graded fine to medium sand, 4,8 N
56 100 occasional organics, homogeneous  (Qpfinf) FNUIN
T [ T s, N ’ \
. - s 2 ~ 7 N\ BG
A
| 135 Gray olive, silty sand layer R
415'_ - 1, N
] B d-> N Organic odor
57 100 | PRI N
1 : o 1, N
] B EPAI N
P N
| 430 i Silty sand layer 1>
N Ay
420 — -1 7
P N
- - 1.~
| 58 58 | 1N
P N
i - A RN
______________________ N N
125 Dense, gray olive, wet, sandy GRAVEL (GW), ’ < ’ N
4251 | trace silt, well-graded fine to coarse sand and i R
well-graded fine to coarse subrounded gravel N Hard drilling
| L (Qpfnf) 4.~
59 30 SN
T - T N . A
-~ L -1/ N 7 \|
A A
L4120 s> D
430111 55 0 B 14T Soil description inferred
| AN from drill action and cuttings
2V N
1 Gray olive, wet, slightly silty SAND (SP-SM), el
| | poorly-graded fine to medium sand, occasional d1->p
organics, homogeneous (Qpfnf) PRI N Organic odor
s Y 82 i 1N v
_] . A~ P SA
435
2l b
T B AR
| | 4/ N\ - N\
2N AD
. i 1.~ 86 Organic odor
1l &1 100 - 17> P
—110 NN
440 B 1.~ b
i | Sandy silt layer 4,
AR N
T B T ’ AN ’ AN
-4 = 1. AN Vi N\
i 62 96 - 477
~105 i ah
445 - -4 K
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Project Location:

Project: King County WTD / Brightwater Conveyance System
King & Snohomish Counties, Washington
Contract Number: E23007E

Log of Boring E-107

Sheet 14 of 16

SAMPLES o
£ £ |2 - 8
2 - © = — Qg [2] ©
T = 51 2 5l e MATERIAL DESCRIPTION 28 | g | E| REMARKSAND
33 88|l 2| 2 2158 S | - |85 OTHER TESTS
we ngla 5 o~ 3 ® () o5 Qo O C
P z|l@mZz|2]o|> an | S|£8
445 PR
- -~ -, N Y \|
| | Trasitions gray green color {10
s> p
i . Occasional organics 4,80
T N \|
1 65 96 - . : 4177
100 Silty gravelly sand layer, occasional organics i
450 Hard, gray, moist, slightly clayey, sandy SILT N
| | (ML), trace fine gravel, low plasticity, occasional 1-~>p
organics  (Qpfnl) PR
1 i 17> I mp
E L EVAWI
AN
E 64 22 B 1,
95 455 | Transitions gravelly silt A~ b
NN
7 B 1.~
| | Dense, gray green, wet SAND (SP), trace silt, d.Np
poorly-graded fine to medium sand  (Qpfnf) FRNIN
i o EDRWIN
- - = N N\
90 65 62 12-inch gravel layer (Qpfnf) : N : N
460— B N 2N D
. L 4, AN s
i | i VY Vi
12-inch gravel layer s D
-4 = 4, D
AN AN
1l| s6 46 - 477
—85 PR N
465 — =3,
- | d. N
4-foot slightly gravelly stratum RN
i L BRI
N - 1. N s, N
AN
P 1 67 100 = 1, <k
470 — —H
PRNUIN Organic odor
. — RPRAWIN
_ L 4., N
, N s, N\
n - 1,8,
. - 3 AN A
75 68 100 : N : N Organic odor
475 Medium dense, gray green, wet, slightly silty NN
A . SAND (SP), poorly-graded fine to medium sand RN
fnf)
(Qp NI
7 i 1 Y N Y] N\
_ 5 -1/ N 7 N\ M
1 60 100 : 4771 sA
—70 SN
480 — — ~ b
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Project Location:

Project: King County WTD / Brightwater Cohveyance System
King & Snohomish Counties, Washington
Contract Number: E23007E

Log of Boring E-107

Sheet 15 of 16

SAMPLES &
< < 2|2 c T
s o | 5|3 Bol sl §
s £ 51 — gl e MATERIAL DESCRIPTION 28 | 7 £ REMARKS AND
3% 5%le _g 2 z |5 8 S | F |B5 OTHER TESTS
He nNnLlo 5~ O @ » oS o loc
= o == [} e = O 5] o O
- Z m< 14 O ) n.om 4 oo
480 PRI
i 47> /M
AN
NN Organic odor
- ERAWIA
2NN
6 1 70 70 NN
—65
485 1> D
i d1> N
/\/\
] - p
| J1-NP
AN
E 71 100 1. N
—60 490— NN
D
Bii TN
E - EFRN
Transitions gray olive, occasional organics PRNSIN
] 1A
E 71 100 - - . 4N PN
wr 2-foot slightly silty stratum RN
495 1,k
. 4/ N
/\/\
NN Organic odor when cutting
| I ENIN gorefrom 495 to 520 feet
s
_E‘l‘] 73 100 17> ’
—50 PR N
500 —H., N
i d-> N
NN
T 1> N
| d7> N
/\/\
E 74 100 RN
45 NN
505 i
NN
] 1.~
N 1, ~
AN
1 | Silty sand layer T8N ™M
i NN
HT 75 100 17 7
—40 s /N
510 1.~k
] 4N N
NN
i _/\/\
7 17N D
N\ A
4} 78 100 {7 7
—35 PRNAN
515 IO




Project:

King County WTD / Brightwater Conveyance System
Project Location: King & Snohomish Counties, Washington
Contract Number: E23007E

Log of Boring E-107

Sheet 16 of 16

Rev. 3 {Ver.1.1 Jan02BRIGHTWATER-BRIGHTWATER.GLB-BRIGHTWATER.GDT} O:\GINT\PROJECTS\BRIGHTWATER P19.GPJ 2/4/04

SAMPLES =
5 £ =18 5o 5
2 ~ - s} 29 ® P~
g g 51 <L = MATERIAL DESCRIPTION 25 | 7 £| REMARKS AND
33 o8le 2| ¢ 3|88 S | - |85| OTHERTESTS
we alle 51 85 13| 8 a 25 | 2185
515 - 2 mZ o O} ) ow - jaa
fe ) 1T Y N\ 7 A
| N E PR
sN N
] i T / N 7 N\
. L -1/ N y: N
4l 77 100 - 1EAYA
—30 NN
520 — ~,N N
p | IPAYE
s N
N B 1, N,
| NN
Very stiff, gray, moist, sandy SILT (ML), PRNPEN
| 78 90 | occasional organics  (Qpfnl) SN
2 a5 = A
s NN
N - N PAYA
J | B PRSP
PR
h i AW
1 79 20 - E P
~20 SN N
530 - 1,4~
. = W AN , N\
SN N
s NN Loss of mud circulation
| 80 60 B 4,8\,
/s 7
R PR
L 15 Clayey silt layer SN N 'éAGP
53511 8 70 Dense, gray, wet SAND (SP), poorly-graded fine e
| to medium sand  (Qpfnf) i EA
s> N
N L 1, > N
-1 n 1. N ya N
82 56 PR
] I 1>
1
0 540 — >N
NN
i IVAYA
ITH I Wood fragments 1,8, M
.+ SA
7 7
] &3 34 | 1y
- - -4/ Y " N
_5 Vi AN " N
5457 B RAYR Organic odor
| ~4/,N N
N N\
11l 84 100 - 477
NN
Terminated boring at 548 feet below ground
i | surface ]
—0
550 — —




Project:
Project Location:

King County WTD / Brightwater Conveyance System
King & Snohomish Counties, Washington

Log of Boring E-108

Contract Number: E23007E Sheet 1 of 11
Date(s) Geotechnical Logged Checked
Drilled 717/03 - 717103 Consultant Camp Dresser & McKee Inc. By SHE By RWS 2/03/04
Drilling Method/Rig Type Wireline/ Porta-drill ggwt?gctor Gregory Drilling, Inc. Z?gérzﬁgltg 346.0 feet
i " : ; G d Surf
giazzl;]rgype PQ (7"'0.D.) Hammer Weight/Drop (lbs/in.) Elg)vuar][ion/%a?l(j% 453.1 feet / Metro
Location 1621 N. 205th St Coordinates N 287249 E 1270073 Elevation Source  Survey
SAMPLES =
< £ X[ 8 5o 5
Qo - | e o ks
s £ 5| 2 o MATERIAL DESCRIPTION 25 | 3 £| REMARKS AND
2% B8Ble 2| 2 31513 S5 | = |85| OTHERTESTS
|oe oefe g 5o | 2l &l ®» 25| €8 185%
[ n< x| O] D an | a0 |aa
c 7 e
- = -17 I .
0 to 8 ft bgs excavated with
E | 17 I vacuum truck, not sampled
4 I
—450 h B 171 |~
i | " Ve 4
7/ 4
5 — -1/ 4
N | 4/ s
Ve e
§ - 4 7
445 4 1 1 '/l +-—Xwaa—e e —— ] 7
Wet, brown, gravelly SAND (SP), poorly graded , ,
7] - (af) 1. ’
10 — =71 |7
70% to 80% quartz, gravel
] 3 171 |7 60% to 70% dark gray
’ ’ volcanics
- - -7 s
Soil description inferred
| B 171 1~ from drill action and cuttings
—440 nEy
B - -7 s
I /
15— - -
7 /
1 I~ 17 Id
n | i 7 7
/ 7
—435 h B 171 |7
i | N s Ve
s Ve
20 — -1~ v
h » 1/ s’
/7 7/
4 = 1/ ’
1 0
-430 . - 171 17
Ve s
T [ 1. ’
25— - A

Groundwater Observation Data:

OW (FT BGS): 139.9 (Low)  137.8 (High)
VWP1 (FT BGS):

VWP2 (FT BGS):

Remarks:Negative Groundwater Data indicates measurements above Ground Surface

Recovery values > 100 indicate sample expansion during sampling.

Pocket Penetrometer shown as 4.6 indicates unconfined compressive strength > 4.5 tsf

(pénetrometer upper limit).
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Project Location:

Project: King County WTD / Brightwater Conveyance System
King & Snhochomish Counties, Washington

Log of Boring E-108

Contract Number: E23007E Sheet 2 of 11
SAMPLES <
- . ° > . g
5 = o 3 89 o 2
® £ 51 2 =l I MATERIAL DESCRIPTION g*g B £ REMARKS AND
2% 8B|le 2| 2 8| &8 S|~ [85| OTHERTESTS
e aofle § 5~ 3 I ) o5 | 2 18s
- n< x| O | > an | 4 |da
20 Ve /
i L 17
h | 1 /
, , Drill on something metallic
—425 N = 4. , at 27 ft bgs
4 vV A I 4
Soft, yellow brown, moist CLAY (CL), occasional , ,
30— | fine organics, wire and other debris  (af) -
117 Soil description inferred
| | 1 ’ from drill action and cuttings
7 /
I B 1/ /
—420 1 - 171 7
/ Ve
T i 1/ ’
35 - i ’
Ve 4
i 1.1 1- Drilled out to 36 ft bgs
- = E Ve
Driller reports soft material
| | | 17 4 consistent with soft clay
415 , ’
- - -1/ '
Ve V'
40 2 0 — 1
I'd 4
] I~ 17 Ve
. | i s Id
Ve Ve
410 i [ Medium dense, dark brown, moist, slightly siity |7 | |7
| to silty, SAND (SP-SM), trace fine gravel, 17 /
poorly-graded sand  (Qal/Qvrf) . ,
45+ B 11 Soit description inferred
1 B 1, ’ from drill action and cuttings
Id /
b K 171 17 Driller report: sand beds
405 . - 1717
7/ 4
T 3 0 3 1, ,
50_ f— e /
7 4
1 B T 7/ /
= L. -~ / /
7 4
—400 1 - 1, ,
- 7 /
55 / /s
V4 /
-1 - -7 /
N | i Ve /
/ /
—395 T i 17 ’
- 4 0 B 1/ ’
A 1 Dritler report: "loose" sand
60— - I and gravel




Log of Boring E-108

Sheet 3 of 11

REMARKS AND
OTHER TESTS

Soil sample fell out of core

Intermittant heavy rattling
(gravel or dense sand)
barrel

(4s3) JoyowionRUad
1e¥00d

s}sa] ge

Jnewayosg
J8)2WO0Z81

A R N N T W A U T T N U N V. Y Y N N N T T N N e N N N U N N N T U N U U S T W U U U N S T U N N N Y _

I S N T T N N N N T T N N N e e T N N N N T T N N T e T N N N N U N N e N N Y N N N T N N N _

King & Snohomish Counties, Washington

Contract Number: E23007E

King County WTD / Brightwater Conveyance System |

Project Location

Project

MATERIAL DESCRIPTION

¥ i T 1 _ 1 1 1 i 1 1 1 1 3 T 1 T _ 1 i T T _ 1 1 1 1 1 ] 1 1 1 _

sosn

607 owydeloy | :

% ‘Klanooay

(N)

U9/ smolg

SAMPLES

JaguinN

adA|

‘yideq

1°8}
‘uoneAs|g

29 o
©

65—
75—
85—
95—

—390
—385
—-380
—375
—370
—365
—360

YOIPIZ £dD'6Ld YALYMIHDIYNSLOATOYALNING {LAD HILYMLHDINE-GT1D YT LYMLHONE-HILYMIHDINEZ0uer L L JeA} £ ABY
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Project: King County WTD / Bri er Conv H
j-ect KII’I? -y |ghjcwat _ eyance System Log of Borlng E-108
Project Location: King & Snohomish Counties, Washington
Contract Number: E23007E Sheet 4 of 11
SAMPLES =
- . o o =
g o 13 So |l a| 2
T £ 51 = 51| e MATERIAL DESCRIPTION g*g i £ REMARKS AND
58 8Blo 2] ¢ 21818 Sg | - |85 OTHER TESTS
me Qpels £ S o | ® BE | o |52
s | 5 o 2 O hd w QG © le 3]
ap I Z m< [vd o D oom - oo
g9 3 Ve e
N B 17 Ve
i | N / V4
4 Ve
355 1 i 171 17 Driller report: "loose" sand
| 8 O | _ / I
7/ 7z
100 — -1~ ,
N B - s
/s Ve
N - 1~ ’
—350 ] - 41 |-
Ve Ve
B 7] 7 s
105 — =171 |7
Ve s
i | 'sp | Dense, dark brown, moist to wet SAND (SP), | 7| |~
i | trace silt, poorly-graded sand, homogeneous to P ,
laminated medium to coarse sand layers,
245 | | scattered red brown bands and laminae (Qva) {”7| |’
s s Change in drill action infers
| 9 74 L 1, , increase in soil density
110~ - <4
/ Ve
“1 [~ 17 rd
N | i 7 Id
Vs /s
—340 T B 1~ ’
| N /s 7
Grades gray, wet, fine to medium sand P ,
115 - -1~ 7
_ . d7 Ve
e 7
7] B 1/ s
—335 b - 1.1 1~
7 I
E 10 94 - 1.0 1,
120 — 17| 17
7/ e
T [ T 7/ 7
- - = 7
7 e
330 - i 1-1 1~
— &R V4
125-] - 4
7 /
3 [~ 17 Ve
] | ] 4 Ve
7/ Vs
—325 b B 17 ’
M 70 T . 1
Very stiff, olive gray, moist, clayey SILT (ML), , ,
130 | medium plasticity, slow dilatancy, laminated to T R
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Project Location:
Contract Number: E23007E

Project: King County WTD / Brightwater Conveyance System
King & Snohomish Counties, Washington

Log of Boring E-108
Sheet 5 of 11

Elevation,

feet

—320

—315

—310

—305

—300

—295

—290

SAMPLES &
s |28 5o >
£ 51 S |52 MATERIAL DESCRIPTION 95 | | £| REMARKSAND
SBle 2| 2 3|58 85| © |88| OTHERTESTS
82|28 E| B |81 8|9 95 | § |85
£ z| @€ (|0 ]|>D Ao | S|
130 layered, sand layers at contact (Qpfnl) ,
-1 [~ -1/ 7
B | " Ve I'd
] L | Very stiff, olive gray, moist, sity LAY ), 17| |’
medium plasticity, slow to no dilatancy,
| laminated {Qpfnl) 17 e
, .| MP Scattered fractures with
135 | -, . off-sets
N | 47 I
/ Ve
. = v Ve
_ - g7 7/
Ve 7/
. 12 72 - 1. ,
140 — 17 /
V4 7
T i T Ve re
-5 - - 7 rd
e /
] i ] Ve 4
o -7 Vd
145 . : . an
Olive gray, wet, silty SAND (SM), laminated, s ’
i |. occasional organics, micaceous (Qpfnf) Jd, ,
i B 1 /
’ /
7 B 1~ s
i 13 | N 7/ s
7/ s
15011 | | BHTEFE-T <= T T T e e e , ,
Stiff, olive gray, wet, clayey SILT (ML),
i | homogeneous (Qpfnl) |- ’
I Ve
7] B 1. /s
- | d7 7
d /
[ 1/ ’
155 | Grades hard and moist | : : 4.5
b [ T 7 /
-4 - -7 7
» K s
i Z AL Hard, oiive gray, moist, silty CLAY (CLj @pfal) |- | |-
8 14 86 - 17 4
160 — 40
7 7
i i Frequent seams of lighter colored siit i : :
i i i 7 7
7 B 17 7/
. 6-inch silty sand layer 17 s
4 7
165— - I
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Project Location: King & Snohomish Counties, Washington

Project: King County WTD / Brightwater Conveyance System Log of Boring E-108

Contract Number: E23007E Sheet6 of 11
SAMPLES =
= c X 2 - g
s R I Selol| 8
8 £ 51 = = MATERIAL DESCRIPTION 2s | g | £| REMARKSAND
2% ©8|le £ 2 2818 S | - |85 OTHER TESTS
we allg 5| 55 |8 8| @ 2G| 8 185
165 e = ns o O o oo 1 oo
J Ve e
1 | 6-inch wet, silty sand layer 17 ’
Ve I
Ve 4
—285 T B 17 Ve MP
. 15 73 e —— e 117
Dense, dark gray, moist, silty SAND (SM), , ,
170— | occasional organics, homogeneous, scattered ]
mica (Qpfnf) |7
. R 17 7
/ v
T " 1~ ’
—280 . - 1.1 |~
V4 7
| 18-inch silty clay stratum 1- 4
175 — I 7 B
7/ 7
] 3 T Ve /
. - E 4 V4
Ve /s
—275 T B 1.1 1.
1 16 70 - . . . ’ ’
Laminated, silty clay and silt layers 177 to 178 ft
180~ | bgs and 178.5 to 179 ft bgs 17 4
Ve /
7 B 1/ /
n | i 7/ /
' /
—270 7 B -1 |-
4 4
Hard, gray olive, moist, silty CLAY (CL), trace , , Sheared zones 184 to 185
185— | fine sand, frequent fine sand laminations _ ft bgs
(Qpfnl) 71
i | 1/ /
4 14
i - 1~ ’
—265 h - 47 ’
A 1,1 MP
4|1 17 50 - 4.1 1,
190 — i A
e Ve
) i T 7 rs
- L -4/ I
/ Ve
—260 7 i 1.1 1,
| 1-foot yellow brown, silty gravel layer 1 g
195+ — Jd71 17 Palesol
V4 /
T = 7 /7
R | N 4 /
e 7/
—255 7 B 11 |~
111 18 10 - 471 17
4 I
200 L . L |
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Project:
Project Location:
Contract Number: E23007E

King County WTD / Brightwater Conveyance System
King & Snohomish Counties, Washington

Log of Boring E-108
Sheet 7 of 11

Elevation,

feet

—250

—245

—240

—235

—230

—225

—220

SAMPLES =
£ x| 56 5
- iy —l s [%)] k]
£ s < =l MATERIAL DESCRIPTION 25 | 3 £| REMARKS AND
86|lo 2| 2 AR RS s | = |8&| OTHERTESTS
Qela E o ] Ne | o |§2
|5 S o 2 O e n 2°G © SO
200 - = m< | O} > aw g |aa
Ve Ve
hy o 17 4
i 2 i Ve rd
7/ s
i | Grades yellow brown and gray mottled, gravel 171 |7 Blocky, fractured,
| layers, occasional organics 1 s slickensides 203 to 212 ft
0, 2.5 |bgs
205 — s /
. | 17 ’
Ve Ve
1 [~ 1~ ,
o - Jd7 7
7 7
b 19 25 B 1, ,
210 — 2 ’
/ /
1 . r- ’
] | Dense, gray olive, moist to wet silty SAND (SM), ], ,
fine sand, scattered gravel layers, clay coatings 2.5 |Disturbed bedding,
4 | on gravel, occasional organics  (Qpfmw) 17 7 brecciated texture
7 7
= -1/ Ve
215 | 6-inch clayey silt fayer 17 4
Ve 7
] ™ 17 7
N | ] V4 /
rd rd
N B 17 rs
n 20 | N 7/ Vs
rs 7’
220 — - - ’
n | d- 7/
Grades wet, slightly silty , ,
T i 1. ’
- » 47 7
/ /
i 1/ ’
225 = i , 15
| | Hard, mottled and streaked yeliow red to gray 171 7
green, dry to moist, silty CLAY (CL), trace gravel, ’ 4
] ML L\coarse sand (Qpfmw) /: P . Lithologies granitic (diorite)
Hard, dark olive gray, moist, clayey SILT (ML), and volcanic
] | medium plasticity, slow dilatancy, gravelly layers 17 7
(Qpfmw) ’ ’
s 21 50 B +4/ s
230 — 117
7 Ve
N B 17 Vs
N B i rd s
7 /’
N B 1~ Id M
i 171 17| AL
Mottled brown gray, gavelly , , Brecciated texture 234 to
235— - O 237 ft bgs
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Project: King Coun D i ater Conveyan :
ro!ect g Cou t-y WTD / Bngh?w . yance .System Log of Bori ng E-108
Project Location: King & Snohomish Counties, Washington
Contract Number: E23007E Sheet 8 of 11
SAMPLES =
. . o | o =
5 = o I o | ,| £
5§ £ 51 2 o MATERIAL DESCRIPTION 2% | ¥ | g| REMARKSAND
3% §8le 2] 2 3168 sg | - |83 OTHER TESTS
w.® [aRCy KoY £ o —~ Q © »n o5 Q O =
> 2 = = (0] = =0 5] o]
- Z n< o O] =) 0w 4 |aa
235
4 7
. [~ 17 Ve
i 4 7
29 Dense, dark gray, wet, silty SAND (SM), , , Slight organic odor
945 | | homogeneous, occasional organics  (Qpfnf) , ,
] | _ s 7
Vd /
240-1 [ Grades sandy silt layers 1 1 M| 46
| 1 -1 AL
7 /
i i 1117 0.25
—210 . = 40 1~
7 /s
T [ 1/ ’
245 — 171 |7
s 7
T 23 K T s 7
- |- - 7 7
205 1 - 1+ |
250 — . ) ]
Grades fine to medium sand, numerous organics,
|~ Dense, dark gray, wet, slightly silty SAND | M
200 | | (SP-8M), poorly-graded fine sand, | SA
homogeneous  (Qpogf) ?ﬁ\
T - 7 M
255 — —
i Hard, silty, gravelly CLAY (CL) (Qpogd) S e
] 24 Dense, dark gray, wet, silty SAND (SP)
195 | | poorly-graded fine to medium sand, ]
homogeneous, occasional organics  (Qpogf)
260 — -
—190 . - 1
265 T R T T T T T T T AR e T T T e
Dense, dark gray, wet SAND (SP), trace silt,
i | poorly graded fine sand  (Qpogf) ]
8 25 - i
—185 b 3 1
270- — —
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Project:

King County WTD / Brightwater Conveyance System
Project Location: King & Snohomish Counties, Washington

Log of Boring E-108

Contract Number: E23007E Sheet 9 of 11
SAMPLES =
g < |=|8 . 5
8 - © Pl I L8| » @
T g 5| = 5| e MATERIAL DESCRIPTION 28| g |_£| REMARKSAND
8 8Blo 2] ¢ A EARE Se | = |85 OTHER TESTS
e nLjo o~ Q © %) e o 0
> 2 == (0] = O [} o35
270 - Z m< 14 O ) oamn | J|ao
" Occasional organics, stems —{': S
180 i Hard, dark olive gray, moist, gravelly, silty CLAY NN 4.5 |Fractures, slickensides
| | (CL), trace fine sand (Qpogd) J,8 8
sy D
275+ — 1~ ~
4 = -4, N 7 N
NN
. 26 50 3 1<«
—~175 N B 4,N N
B | 1P YA
s N 2N
280 — ~H,~
“1 - 1/ N Y A
s 2N
B 1,
170 1 - 17>
s NN
i | 18-inch dense, wet, fine to coarse sand layer, e
285 | occasional organics I AN
NN
. 27 56 - 1,88
- - -4, AN , \|
ANV
—165 7 B 1,8
- - ~4/ AN ’ N
290 / _________________________ 2NN
/ CH Hard, dark gray, moist, slightly silty CLAY (CH), NN Sheared zones observed
| | high plasticity, scattered gravel and cobbles NN several layers, with
{Qpogm) 77 3 |slickensides, scattered
] / | IEAP A planar fractures with
28 84 / 3-inch brown, organic silt layer N,y mp | 4 [slickensides
160 ] / B 1> D
] | 1 AN 7 N\
/ ’ AN 7 N\
295 / B 1 Cobble
/ | I P
Slightly silty, clay from 296 to 300 ft bgs SN N Brecciated texture 296 to
A N | 304 ft bgs
Scattered fine gravel dropstones s
155 - / - 1>
/ NN
T B 1.~ ¥
300 / - NN
NN
B 29 100 / B IAYA
/ NN
150 g / - T8 8
| / L 4,8,
305 7 L Ao
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Project Location:
Contract Number: E23007E

Project: King County WTD / Brightwater Conveyance System
King & Snohomish Counties, Washington

Log of Boring E-108

Sheet 10 of 11

SAMPLES <
g £ R|® 50 5
s . - | - 7} D
5 = 51 <L A MATERIAL DESCRIPTION 2% | 3 £| REMARKS AND
8 Tl 2| & 2188 sg | - |85 OTHER TESTS
ne AQafla = Q © s o |§c
> 3 92 = [} = 2] =0 [ [+ 3]
= [ =z m< [n' (O] > ov — oo
305 y/ NN
| L PAA
/ Grades trace fine gravel NN
7 7
’ / i 1AV Hydrogen sulfide odor
Abundant clam shells
—145 . % - 1,/
MP
i | Dense, dark gray, wet, SAND (SP), 1>
poorly-graded fine sand, homogeneous, shell PR
310 | fragments (Qpogm) I NN
= - ya N 7 \|
30 100 Hard, olive gray, moist, very gravelly, sandy SILT SN N
| i (ML), trace clay, low to medium plasticity, matrix i N
supported  (Qpogd) O
140 - - 17270
15 NN
] 2 1, N
315 - R
N N N\
 Grading silt, trace fine sand, low plasticity, slow i 77
dilatancy s N
3 B d,N N
135 i ML L Hard, olive gray, moist clayey SILT (ML) 1~
(Qpogl) NN
i = 4N 0N
NN
320 B Gravelly bed B AYA
R 31 77 - EPANA
NN
] i T s, N , \|
—130 . B A PAAA
NN
NN
325 — —,N N
[ Dense, olive gray, wel SAND (8P), frace s, 1/ />
poorly-graded fine to medium sand, PRNPAN
. |_homogeneous  (Qpogf) _ NN
Very stiff, olive gray, moist, clayey SILT (ML) 4
| 125 _ | homogeneous (Qpogl) J-
NN
-4 — 7 , N s, N\
330 — >N
NN
R 32 83 - 1.~ .~
41 N J.N N
Sand layer RN
—120 T B 1,8~
444 - . N V] AN
2NN
335 — 1.~
B EPRAYA
N N\
i | 2-foot sand stratum 17 -
NN
—115 7] - “4,N N
4 | ] 7 N Y N
NN
340 — — s
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Project: King County WTD / Brightwater Conveyance System
Project Location: King & Snohomish Counties, Washington
Contract Number: E23007E

Log of Boring E-108
Sheet 11 of 11

SAMPLES =
s £ ®|® 50 5
o 3 L0 ko]
5 /g s 2 o MATERIAL DESCRIPTION ﬂé‘g é g REMARKS AND
2% 88le 2| 2 3158 sg | - |8& OTHER TESTS
e nljo S B~ Q © D e a |ldc
= 3 25 o] = =0 ] o D
= Z n< 4 v} -2 [\N%} - oo
340 —
i Ve /s
i 3 66 i Grading trace sand and fine gravel 1770
ANV
| | 1.8 N wp
—110 T - 4,8
A
1 i ] ’ N 7 \
345 — —1,N N
AVA
Terminated boring at 346 feet below ground
| | surface |
—105 1 B b
350 — -
—100 T B 1
3556 — —
_95 - L. -
360 — —
._90 & o -
365 — —
_85 & - -
370 = _
._80 b - -
375— — —




Project Location:

Project: King County WTD / Brightwater Conveyance System
King & Snohomish Counties, Washington

Log of Boring E-109

Contract Number: E23007E Sheet 1 of &
Date(s) Geotechnical Logged Checked
Drilled 7/29/03 - 7/30/03 Consultant Camp Dresser & McKee Inc. By RwW By VJP 02-03-04
Drilling Method/Rig TypeWireline/ T3 Driling ' Cascade Drilling, Inc. Jotal Depth 260.0 feet
i " ) ] d Surf:
giazg;‘gype PQ(7"0.D.) Hammer Weight/Drop (lbs/in.) N/A (E;lre()\mior?/%ae;g?n 395.0 feet / Metro
Location NE 205th St and 1st Ave Coordinates N 287168 E 1272288 Elevation Source  Survey
SAMPLES =
g £ X8 5o 5
< - - P %] D
T £ 5 2 5| o MATERIAL DESCRIPTION 28 | 2 €| REMARKS AND
38 28lo 2| 2 3|58 S | - [8§| OTHERTESTS
we of|e Ef 35|38 8| @ 25 [ §[85
39 0 = Z o< x| O] D oo | 4 |aa
5 0 to 6 feet excavated with
N | i vacuum truck, not sampled
—390 5 — —
‘;; GP-| Medium dense, brown, moist to wet, slightly silty,
| e GM L sandy GRAVEL (GP-GM), poorly-graded fine to
0,‘5 coarse sand, fine to coarse subangular to
| 1 38 [z | subrounded gravel (af) ]
64
'y
N [ &3x o/ I I
385 10 ‘ .l GM Loose, gray, wet, silty, sandy GRAVEL (GM),
| PP | fine to coarse sand, fine to coarse subangular to
: .' subrounded gravel (af)
- b L . - P
d v} .
E b [ L _
P * | .
] b [ L .
P * [« .
380 15| 2 15 [ - -
yeur
T 9 * | e . " T
b [
T 904 © [ T
4 [
i lda e B |
i e | Hard, brown yellow to yellow red, gravelly, silty
SAND (SM), scatered cobbles  (Qpfnf)
373 20 Loose, brown, wet, gravelly, SAND (SW),
| well-graded fine to coarse sand, fine to coarse
subangular gravel {Qpfnf)
25 BZ7R%

Groundwater Observation Data:

OW (FT BGS): 130.6 (Low)  115.0 (High)
VWP1 (FT BGS):

VWP2 (FT BGS):

Remarks:Negative Groundwater Data indicates measurements above Ground Surface

Recovery values > 100 indicate sample expansion during sampling.

Pocket Penetrometer shown as 4.6 indicates unconfined compressive strength > 4.5 tsf

(penetrometer upper limit).
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Project:
Project Location:

King County WTD / Brightwater Conveyance System
King & Snohomish Counties, Washington

Log of Boring E-109

Contract Number: E23007E Sheet2 of 8
SAMPLES <
g £ O\o- _g: 3o | o ol
5 £ 512 |52 MATERIAL DESCRIPTION o5 [ # | £| REMARKSAND
S5 Sule 2| 2 AR s§| <= |s5] OTHERTESTS
e oL|le 5| 3| 8| 8| o o5 | 8§ 185
- Z m< 14 o] ) owm 4 jaa
| | ML | Hard, brown yellow, moist, sandy SILT (ML), low |
| | plasticity (Qpfnl) |
Grades dark gray, clayey, low to medium
L2365 30 | plasticity, laminated ]
—360 35 4 85 = -
355 40 | Soft to medium stiff, wet _
—350 45— 5 45 — —
| | Medium dense, dark gray, wet, silty to slightly |
i | silty, SAND (SM), fine sand, occasional organics |
(Qpfnf)
—345 50 -
—340 55— 6 45 —
Jm | Dark brown, numerous organics ]
1 | Hard, dark brown to olive gray, moist, sandy |
SILT (ML), 0.5-foot layer of peat  (Qpfnl) Paleosol
60— | Transitions gray, wet, rapid dilatancy, no organics _é .é
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Project: King County WTD / Brightwater Conveyance System
Project Location: King & Snohomish Counties, Washington

Log of Boring E-109

Contract Number: E23007E Sheet 3 of 8
SAMPLES =
< k= X} 2 . e
2 - © o 2281 @ ®
I < 5| = =2l o MATERIAL DESCRIPTION 25 | @ £| REMARKS AND
5% 3T|lo 2| 2 3188 Sg | - [85| OTHERTESTS
me olle 5 65 | 3| 8| a 95| 2|55
=z m< x ) ow
| 235 60 = O] - | e
—~330 65 7 20 — —
1 AT L | Hard; gray, moist, sandy SILT (ML), fine sand, |
i | rapid dilatancy  (Qpogl) |
] i ] Blocky structure, scattered
L 325 70 ) | _ slickensides
—320 75— 8 20 — ]
—315 80 — -~
1 . i ’ 4
-310 85— 9 60 = — Scattered gravel dropstones
| L Grades slightly gravelly, trace sand ]
i i i 46
—305 S0 — ~
i sd GM Medium dense to dense, dark gray, moist to wet,
| 9| | slightly sandy, silty GRAVEL (GM), fine to coarse
S d subrounded gravel (Qpogd)
N J R |
5 ¢
-4 - @) - =
&
95 o L o u




Project:
Project Location:

King County WTD / Brightwater Conveyance System
King & Snohomish Counties, Washington

Log of Boring E-109
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Contract Number: E23007E Sheet 4 of 8
SAMPLES =
- ‘ el o big
5§ A e I Bol | 8
B £ 51 2 =1 o MATERIAL DESCRIPTION EE » £| REMARKS AND
3% 8%l, o g z |5 8 Sg | H |B% OTHER TESTS
ne dele E| 3| ¢| 5|3 05 | 2 [85
e = n& | O] > oy | 4 |ad
—300 95 0 15 -
1 L ]
]
] o) i J
_f
-5 . - -
[
o)
i . " 4
o)
295 100 "o |~ Mediom dense, dark gray, wet, gravelly SAND |
| | (SW), well graded sand  (Qpogf) _
11 0
—290 105 — -
12 0
285 110 — —
i | GM | Dense, gray, wet, sandy, silty GRAVEL (GM), |
4 | fine to coarse subround gravel (Qpogf) i
280 115-|| 13 24 [ = -
_ [ sm | Medium dense, dark gray, wet, sity SAND (SM), |
fine sand  (Qpogf)
275 120 | Grades dense, moist, slightly gravelly _
i | Gm | Dense, dark gray, moist, silty, sandy GRAVEL
(GM) (Qpogd) '
—270 125 14 30 — —
130 - Y
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Project: King County WTD / Brightwater Conveyance System
Project Location: King & Snohomish Counties, Washington

Log of Boring E-109

Contract Number: E23007E Sheet 5 of 8
SAMPLES =

: EE 5s g | 3
g £ 512 | o MATERIAL DESCRIPTION 2% | 3 €| REMARKS AND
8 58le 2| 2 21 al8 Sg | - |8& OTHER TESTS
Sl 2828|688 23| 5|28
265 13017 = .
—260 135 15 - 95
255 140 __ﬁa_r_dﬁja}k_gr;y—,-m_éig,_s—aﬁdy—S—I—L?(ML—), _____ 4 |Scattered gravel dropstones

| | nonplastic to low plasticity, fequent shell |

fragments (Qpogm)

—250 145 16 35 — -
—245 150 — - 46
—240 155 17 25 B =
—235 160 — ~1 46

i | Grades wet, slow to rapid dilatancy 1

165 — —é 4
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Project: King County WTD / Brightwater Conveyance System Log of Boring E-109
Project Location: King & Snohomish Counties, Washington
Contract Number: E23007E Sheet 6 of 8
SAMPLES e
g £ [2]8 50| .|
T £ 51 2 5| e MATERIAL DESCRIPTION 2% | 3 £| REMARKS AND
58 8Ble 2| ¢ 3|58 Se | - (83 OTHER TESTS
e oglge 5| 818 | o|& o5 | 8 |85
| 165 = = m g’ o O 2 aw | oo
230 165 18 53 JJ/ Grades slightly gravel gﬁgh angle fracture at 70
. B i egrees
‘ | cL || Hard, dark gray, moist, silty CLAY (CL), low |
plasticity (Qpogl)
i i i Scattered slickensides 30 to
—225 170 — . 40 degrees
1 | Grades trace fine to coarse sand and fine gravel
—220 175 19 50 - .
1 4 | Hard, dark gray, moist, sandy SILT (ML), low |
] | plasticity (Qpogl) |
1 $ | Dense, dark gray, moist, sandy, sity GRAVEL |
245 180 .' | (GM), fine to coarse subround gravel (Qpogt) _|
q
i ] B N
i 1 | | ML L Hard, dark gray, moist, slightly clayey SILT (ML),
trace sand, low plasticity (Qpogl)
—210 185 20 30 — - "
4 L i SA
| LA ]
205 190 7’ CH Hard, dark gray, moist, silty CLAY (CH),
| / | medium to high plasticity (Qpogl) |
i / i i M | 46
| % | | AL
—200 195—]| 21 78 % — 7] Dropstones
i / i i 195.5 to 196 ft bgs, vertical
/ planar fracture
| é | ’ 4.6
200- Z N
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Project: King County WTD / Brightwater Conveyance System
Project Location: King & Snohomish Counties, Washington

Log of Boring E-109

Contract Number: E23007E Sheet 7 of 8
SAMPLES =
g < (=3 - 5
4 o — - o
% < 51 2 =l o MATERIAL DESCRIPTION 25 % £| REMARKS AND
2% 88le 2] % 21518 s |~ |88| OTHERTESTS
e ofle 5| 31 38| 8|@ 25| 8|85
= Z m< [ve O 2 aw I e
—195 200 7
7
’ / - ’ M
190 205-|| 22 15 % = .
_ % I 9 7
Grades soft to medium stiff, wet, sandy, clayey
A % | silt, medium plasticity ]
’ : 8 G\ | Dense, dark gray, moist, silty, sandy GRAVEL |
—185 210 L (GM)  (Qpogd) ]
1 .' Grades fine to coarse subrounded gravel,
] " K | occasional cobbles i
L ]
- 3 g [~ = .
LYy
] 4 [ B B
196
] ) [ | B
180 215-{|] 23 10 [q = ]
»
(Y
L d I~ =
- : A L. o
i ' A B i
—175 220 L — -
i ) | i
B > L .
24 4 P
4 > - -
] ;3 I ]
170 225 <. - |
>
i
25 50 b8
p
i . B |
—165 230 X — -
i A | i
B b L .
. 4 » 5
. 4 » _
235 ] L .
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Project: King County WTD / Brightwater Conveyance System Log of Boring E-109
Project Location: King & Snohomish Counties, Washington
Gontract Number: E23007E Sheet 8 of 8
SAMPLES <
g s =3 so| .| B
T £ 51 2 =l o MATERIAL DESCRIPTION g‘g ® % REMARKS AND
% g8le 2| 2 3|1 8|8 Sg | = [85| OTHERTESTS
we oLje 5| 5o | S| 8@ 25 | 81|85
=z < o o on
160 235-F—e—t—— e - 1=
—155 240 —
—150 245—}| 27 35 —
| |~ Dense, dark gray, moist to wet, slightly silty
SAND (SP-SM), poorly-graded
TH i Steel liners in core barrel.
Th | Hard, dark gray, moist, silty CLAY (CL), trace
145 250 | sand, medium plasticity, homogeneous
Qpogl Scattered fome gravel
| B (@pogl) dropstones g
1 i 253 to 260 ft bgs, high
i | angle fractures 50 to 70
degrees
—140 255 28 100 —
135 260 Terminated boring at 260 feet below ground
| | surface
—130 265 —
270 —




Project: King County WTD / Brightwater Conveyance System Log of Borlng E-110
Project Location: King & Snohomish Counties, Washington
Contract Number: E23007E Sheet 1 of 13
Date(s Geotechnical Logged Checked
Bate(®)  3/28/03 - 414103 | Coneertms Camp Dresser & McKee Inc. | RW By VJP 02-03-04
Drilling Method/Rig Type Wireline/ T3 8glr|1it?gctor Cascade Drilling, Inc. I?Eaérgﬁgfg 438.0 feet
i " . ] . if;
SoaMype PQ(TOD) Hammer Weight/Drop (Ibsfin) ~ 300#/ 30 Ground Surface 4447 feet / Metro
Location 603 NE 204th St Coordinates N 286964 E 1274158 Elevation Source  Survey
SAMPLES =
g = | ® 5o 5
2 - o — Pt %] D
= ] s 2 = e MATERIAL DESCRIPTION 2 8| g § REMARKS AND
2% 88le 2| ¢ 3158 S | - |85 OTHER TESTS
we oele 51 55 [ 8| 8| o 85 | 8 |85
oIF_Z o€ ||| D on | 328
Vacuum out to 5.9 ft bgs,
| B ] not sampled. Drive 7-inch
casing to 8 feet.
—440 5 | b U
Ve
] | Very dense, brown, moist, silty, gravelly SAND / Soil description partially
] | (SM), poorly-grade coarse sand, poorly-graded 4 inferred from drill action and
fine to coarse angular gravel (Qvt) , cuttings .
i - 17
1 - n 7
I
435 40— = .
R . X7
i
7] B 1,
E = d7
4
1 [ 1/
—430 15 | .
7
T B T Ve
. - E R4
Ve
T 23 - 50/3" i b
B 1 |20 | 100 g
B - ~ 7
—425 20 | |-
'
N ™ 17
i | A 4
e
n - T
N | i 7
7
—420 o5 | |
Groundwater Observation Data: Remarks:Negative Groundwater Data indicates measurements above Ground Surface
Recovery values > 100 indicate sample expansion during sampling.
OW (FT BGS): 109.4 (Low)  98.4 (High)
Pocket Penetrometer shown as 4.6 indicates unconfined compressive strength > 4.5 tsf
VWP1 (FT BGS)144.8 (Low)  143.4 (High) (penetrometer upper limit).
VWP2 (FT BGS)170.1 (Low) 167.6 (High)

Rev. 3 {Ver.1.1 Jan02BRIGHTWATER-BRIGHTWATER.GLB-BRIGHTWATER.GDT} O:\GINT\PROJECTS\BRIGHTWATER P19.GPJ 2/4/04




Rev. 3 {Ver.1.1 Jan02BRIGHTWATER-BRIGHTWATER.GLB-BRIGHTWATER.GDT} OAGINT\PROJECTS\BRIGHTWATER P19.GPJ 2/4/04

Project: King County WTD / Brightwater Conveyance System Log of Boring E-110
Project Location: King & Snohomish Counties, Washington

Contract Number: E23007E Sheet 2 of 13
SAMPLES =
c c X % . g
2 - © = | - 281 ol B
5 £ 5| —= 2l e MATERIAL DESCRIPTION 28 | g £ REMARKS AND
5% 8Blo 2| 2 2| 518 s5 | 2 |85| OTHERTESTS
we aLle 5| 5| 38| a 25| B85
25 - = n< 14 O ju) o - |aa
¥ /
7 17
- i 7/
7
T 17
. n s
Vs
415 30 4
h 17
s
1 1- S?il dedscf:riptiodn l;?artially 4
4 1 ] B4 ’ inferred from drill action an
GW-| Very dense, brown, moist, slightly silty, sandy , cuttings
i o GM L GRAVEL (GW-GM), well-graded fine to coarse
'.‘ sand, well-graded fine to coarse angular gravel 4 Drillers note hard drilling
410 g | R | (Qvtm) 4.
.. Ve
B X% = p
[ ] /
p l.. = d,
™ 4
N 28 - 50/2" i 7
W] 2 %0y | 63 [ : ’
| | Silty, gravelly SAND (SM), fine to coarse sand, 4,
fine angular gravel  (Qvtm)
—405 4 s
0 — _
7
i B 17
N - i I
, Soil description partially
i B | inferred from drill action and
4 cuttings
7
Ve
400 451 | -,
i | 17
7
T i 1~
- L. d7
/7
] " 1/
—395 50— | -
/
] i T /
= - -7
4
] ’ Irregular drilling resistance
] " 4, suggest gravel and cobbles
—390 55-] B G
Ve
a - 37
i B i 4
4
| 3 |48, 205"] 44 [~ Very dense, brown, moist SAND (SP), trace silt, |~ BG
| ( ) | poorly-graded fine to medium sand  (Qva) 17
4
385 60 | a
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Project: King County WTD / Brightwater Conveyance System Log of Boring E-110
Project Location: King & Snohomish Counties, Washington
Contract Number: E23007E Sheet 3 of 13
SAMPLES <
g J= 218 8o | 4 5
g = 51 < ol I MATERIAL DESCRIPTION 2% | 2 £| REMARKS AND
o8 3Ble g1 2 | 5|8 ss | = |25 OTHER TESTS
we o2le 51 o || 8| @ o5 | 8 |85
- Z m< '4 O] = [\N} P
60 P
n 17
- A 7
/
- 37
- 17
Ve
—380 65 4
] 17
/s
] v
. 47
7
T 7 e
—375 704 .
/
] T /
- 47
7
1 B Ve?y _Eeﬁsg, g_ra? g;egn,—nﬁﬁ —S—A—N“D—(—S—P—), trace |~ Drillers note interbedded
i | silt, poorly-graded fine to medium sand, 4, gravel and cobbles
occasional organics  (Qpfnf)
—370 4
75 -1,
- 17
. N /
Ve
. 50/5" E
m| 4 (100+) : BG
/s
—365 30 -,
4 d7
/
R 1~
- o e
I
] 1.
—360 85— 1,
4
T 1 4
. E R4
4
] ] 4
1 -7
—355 90— | :
i [ CL | Very stiffto hard, gray green, moist, sandy silty |~
| . CLAY (CL), trace fine gravel, low to medium 17
plasticity, occasional organics  (Qpfnl) ,
I B 7
N | A
7
—350 95 B N




Project Location:

Project: King County WTD / Brightwater Conveyance System
King & Snohomish Counties, Washington

Log of Boring E-110
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Contract Number: E23007E Sheet 4 of 13
SAMPLES =
< £ *| 8 56 5
=4 - g — - R2] s
® £ 5| L S| o MATERIAL DESCRIPTION 2% | 2 £| REMARKS AND
2% 8Ble €| 2 AR S§ |~ |85| OTHERTESTS
me nela E — o @ B | o |6¢
A sl 3 ° 5] = | @ LG © |oo
e |- Z | @mE [ |G| 3D Lo | 4 jda
o , 0 to 98' mud-rotary, switch
A B | to wire-line at 98', drilling
7 from 95
| B B 4
4
—[ﬂ] 6 [26-50/5") g4 " Transitions to gravelly, gravel and cobbles in 1
| (100+) | clayey silt matrix, subrounded 4
’
345 00| 5 35 = -,
g - 17
Ie
T B 1.
411l 1 ¥ e e e e e e e e e /
Very dense, dark gray, moist, silty to very silty ,
| | SAND (SM), trace gravel, scattered organics |
| Qpfnd) N
—340 105 | Very stiff, dark gray -
SILT (ML), nonplastic, numerous organics ,
| . (Qpfnl) |
Vd
n L. - 7
1] /—f"-ﬁo_[___— _I-_ia_r_cj,—BEVW‘n,_m_o_is_t-O—r.g;nE SIT (_65 _(ap?n—ﬁ)_ 1 AD Conventional radiocarbon
i ’ MP date >47,930 yrs B.P.
i :—"_": N 4~
~335 140l 5 76 P11 TWiL I Very i, gray diive, moist SILT (ML), frace |
sand, low plasticity, scattered organics  (Qpfnil) ,
-1 [~ 17
~ | /_ -l ] e
g ML Very stiff, olive gray, wet SILT (ML), rapid ,
| | dilatancy, occasional organics, homogeneous 4.
(Qpfnl)
i | N Ve
7/
330 445 — ~.
E N 17
[TH ,
7] B 1~
- - 47
Medium stiff SILT at 118 ft bgs ,
T i ) 7
325 120|| = 04 = 17
Ve
T B T /
. - -7
s
’ Transitions to stiff, moist to wet s
3 = EVa
320 125 | ] :
B - 47
| | N Vs
s
T B 17
e - n Vs
s
315 130~ | ]
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Project: King County WTD / Brightwater Conveyance System
Project Location: King & Snohomish Counties, Washington

Log of Boring E-110

Contract Number: E23007E Sheet 5 of 13
SAMPLES e
s s |28 5o 5
= . - — s [%] D
T < 51 <2 | o MATERIAL DESCRIPTION i | 3 £| REMARKS AND
% g %g o _g g é g 8 Qo F 8% OTHER TESTS
vt otE 2182|8158 25| 8|88
. L 17
i S T 7
CcL Stiff, gray green, moist, siity CLAY (CL), medium ,
| | plasticity, slickensides (Qpogl) ]
Ve
MP
] { B 7
Vé
—310 135 - -1~
E - 1’
be
i " Transitions to gray 1
. .. A7
e
o [ 1~
—305 n | i
140 10 100 Transitions to very stiff, gray green to green, silty ,
At | clay i
7
. - 47
7
) i | 7
- - -7
—300 145 n 1
e Transitions to gray, sandy, silty clay s
a1 | Jd,
_—.‘ - . 4
7
N B 17
= - n e
7
295 450-|| 11 70 — 1/
B N 17
/
i B Ve?y Eeﬁ—s—é-, g_rég é?e_e_n—to_g r;y_olﬁe,—m—c-;i;t, glt_y, K
i . gravelly SAND (SM), fine to coarse sand, fine to 4/
coarse subrounded gravel, occasional organics ,
4 . (Qpogtm) 4
/
290 455 = 1
/
i | Transitions to slightly silty and gravelly sand 1-
— - -/
d
i Gw | Very dense, gray green, moist GRAVEL (GW), |~
| ©.8 9, ' well-graded fine to coarse, subrounded gravel, 4,
285 '.‘:.' layers of gravelly sand (Qpogf)
— d A .! 7
160 12 30 joo e — 7
0.9:€) i
-1 I o i V4
.O.....
i ISy B 47
9.8 59 ’,
] oD @ | ]
YD ;
A o ®y | ,
?ﬁg GM Very dense, gray green, moist, silty, sandy ,
—280 165 S | GRAVEL (GM), fine to coarse sand, fine to _
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Project Location:

Project: King County WTD / Brightwater Conveyance System
King & Snohomish Counties, Washington

Log of Boring E-110

h
Contract Number: E23007E Sheet 6 of 13
SAMPLES =
g = 2|2 5o [l
L ~ - | 29 @ 2
T £ s 2 5| e MATERIAL DESCRIPTION 2% | g £| REMARKS AND
8% 8Blo 2| 2 2| 8l8 Sg | - |83 OTHER TESTS
e oL|le 5| 8|8 | & 25| § 185
165 - Z n< o (O] o ow I e
> coarse gravel, subrounded (Qpogtm) ’
-1 I~ 7
] | V4
/
- - /
n | /
/
275 q704|| 13 50 = ,
| | Ve?y He_n_s; g_rav g}egn_to_olﬁe_g rgy,_m_ois_t, I
slightly silty, gravelly SAND (SM), fine to coase ,
| | sand, fine to coarse subrounded gravel, strong
cementation (Qpogtm) ‘
- L /
/
T __ _____________________ ’
—270 175 | Dense, gray green, moist GRAVEL ,
(GW),well-graded fine to coarse, subrounded ,
| | gravel (Qpogf)
/
. - /
I
T i rd
- = 7
| 14 33 ,
265 180 - ’
- [~ 7
N | 7/
Hard, olive gray, moist, gravelly, sandy SILT (ML), ’
| | nonplastic stratum ,
| Ve
Ve
260 485 - ,
B 2 L
| | Stratum of very stiff to hard, gray, moist, slightly
clayey, slightly sandy silt, low plasticity, occasional
—255 190~ | organics, homogeneous, slow to rapid dilitancy
| Transitions to gravel and cobbles, subrounded
—250 195— |
16 6
—245 20010 b b KM
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Project: King Coun i nv :
oject: King County WTD / Brightwater Conveyance System Log of Bormg E-110
Project Location: King & Snohomish Counties, Washington
Contract Number: E23007E Sheet 7 of 13
SAMPLES =
Ch C o\o 8" e g
R ~ (B = _l -92 n D
8§ g 5 | 51 ¢ MATERIAL DESCRIPTION 28 | g | £| REMARKSAND
38 §8Ble 2| 2 21618 Sg | - |85 OTHER TESTS
we aelge E| 3= (8| 8|3 o5 | 2|88
200 - Z m& x| O D Ly | 3 |ca
ML Hard, dark gray, dry to moist, gravelly, sandy R
] | SILT (ML), medium plasticity, homogeneous 4
17 67 (Qpogl) R
HH i 1M Sand-filled high angle
| Transitions to very stiff, clayey silt, trace fine sand || | fractures
and fine gravel as dropstones, homogeneous - :
1 i W75
—240 205— | N
| 18 111 B |
i Increasing clay, decreasing sand and gravetl
T i ’ 209 to 216.5 ft bgs,
—235 210 B | slickensides
44 R i
19 93
—230 |
215 M
| AL
Dense, dark gray, wet, silty SAND (SM), rapid
A | dilatancy (Qpogf) |
il i | M
| | | SA
225 220-{|[ 20 93 = m e
s Ve
i | Hard, dark gray, dry to moist, slightly clayey, N N
sandy SILT (ML), low plasticity, homogeneous N Slickensides at 45 degree
| L (Qpogl) ) i Ed angle
N
| - 17> -
] cL L Very stiff, dark gray, moist, slightly sitty CLAY i
(CL), low to medium plasticity, dropstones, s\,
7220 g | | slickensided, homogeneous  (Qpogl) N
7 225 to 230 ft bgs, scattered
| 2 d> slickensides
s N
N 3 T 7 N Ve
i 5 1>/
21 100 N
| 7 CH Very stiff, dark gray, moist, slightly sandy CLAY N M
215 53 | (CH), high plasticity (Qpogl) /> Y AL
SN, 230 to 240 ft bgs,
i 3 N slickensides, shearing,
N fracturing
i / | d,N,
/ N
] / i iAWY
E / - E F2
L N\
210, | 2 L Y
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Project: King County WTD / Brightwater Conveyance System
Project Location: King & Snohomish Counties, Washington

Log of Boring E-110

Contract Number: E23007E Sheet 8 of 13
SAMPLES <
< = =| g - e
Ke] R 6 - - Qg [ @
8 £ 51 = S| e MATERIAL DESCRIPTION 28| 3 |_g| REMARKSAND
28 §Ble 2| 2 SRR S | - |85 OTHER TESTS
ue oele E 3~ o | @ | ¢ N | 5 |52
= 25 0] = O © O o
235 - Z m< o (O] - %) S128
v 7 s\
] I S —— N\
CL Very stiff, dark gray, moist slightly sandy CLAY ’ N d
| | (CL), medium plasticity (Qpogh) 417 -
11 5, 15 N IQ’I'_
] |- 1> -
g B I B
N
205 ., | B 1
240 N 240 to 259 ft bgs, scattered
i B 1>~ slickensides, high angle
SN, silt-filled fractures
] | 1. M
4 4
_ L 1>/
Layer of sand LN, M | 46
] i TN - /S\/L\
—200 245 | 4.~ I-'://I\
N
23 100 N
_ = E A
N
i - 1.,
E N 4,~,
—195 | R B Es
250 Decrease in clay content N
| 3 4N -
_ R 1> m
N
T B 1> -
| | I B
Y
190 B B s
255 g : A w
Ul 24 106 - S
AN
il i 1>
i N 1>/
N\
| | Transitions to sandy and gravelly ] ’ N ‘
I I
—185 260 - i gand—ﬂlled 1I‘racture at 20
M egree angle
| | Very dense, gray, dry to moist, very gravelly, 17 > {1l oo
silty, clayey SAND (SM), fine to coarse sand, N A Ue
] | fine subrounded gravel  (Qpogd) 1., S,YIA
N s M
T - 1. SA
25 83 7
= - -/ N )
—180 ] B I EE
265 Yy
| B 41>/
26 100 | 17>
N Scattered slickensides, high
| | i N atnglet 70 degrees, block
structure
AV
Hard, dark gray, moist, silty CLAY (CL), low to ,N,
~175 570 | medium plasticity, scattered partings of fine sand .
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Project: King County WTD / Brightwater Conveyance System
Project Location: King & Snohomish Counties, Washington

Log of Boring E-110

Contract Number: E23007E Sheet 9 of 13
SAMPLES =
& c |2 N 5
0 - 5 < = Qf—ﬂ 0 b
T S 5 = S| e MATERIAL DESCRIPTION 2% | 3 | £| REMARKSAND
3 88lo 2| 2 | 5|8 s§| = |s5| OTHERTESTS
e ele E| 5~ | 8| ® 85 | 2|85
& &g 5 o b Slw L°G G |00
aro ] Z | @ Z |l |o|>D bw | 3|2
27 83 N
T4 [~ 17 N Ve
_—-‘] | 1>
N,
1 Very dense, gray, moist, very gravelly, very silty A
| SAND (SM), trace gravel, subrounded to i E
170 rounded (Qpogd) SN,
275 — -
28 90
R | 1>~
N
[~ 1>/
- B 1, >/
AN
| | Hard, dark gray, moist, slightly sandy, silty CLAY d N ’
15 1 (CL), low to medium plasticity, slickensided, [ Scattered slickensides 20 to
—165 280— | homogeneous (Qpogm) .~ 40 degrees
N
- = T ” N 7
11l 28 102 - :
N,
i = 1.~ y
E - 4/ -
- N
160 285 B 47 N 4
7 7
4 - 4., N 7
| 1- Ny
:’H N M
| i 10| AL
N
N
155 2901 B N
] B 1>~
SN, Bedding dip from horizontal
1 30 100 - 1., approximately 25 degrees
] B 1~/
Ny
] - 1/,
—150 295- B A~
N
T i 1,
L d.N
N
p - 1.,
E - E P
| N
145 300 B -
N
- = - N y
N
1l 31 100 s 1.7
N
] B 17> 7
| | 1>~
N
140 305- L A4
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Project: King County WTD / Brightwater Conveyance System Log of Boring E-110
Project Location: King & Snohomish Counties, Washington
Contract Number: E23007E Sheet 10 of 13
SAMPLES =
g £ ®1 2 5 o 5
L . - | 89 2 =
B £ 51 2 1o MATERIAL DESCRIPTION 2% | 7 % REMARKS AND
5% Sule 2| ¢ 2159 S | = |85| OTHERTESTS
oe oflg 3|1 565 | 3| 8| @ oG | 8§ |85
.= Z ne | x| 0|2 oo | Jjdo
305 "
- = ’ Y ’
| PAAIVZ
N Horizontal breaks along fine
N | N sand seam
Ve 7/
| B N s
s\ s
135 310— | Yy
. B N
N s
- 32 100 B PR
N B N
N
T B N,
—130 315 | SN,
| 1 N M
1 i N
| AN
Interbeds of olive gray and gray green, fine sand g N ’
] | from 317 to 320 ft bgs, occasional organics s
H N Paleosol
44 | N M
125 ; A ; ! Me
= / /
320 — NN
-4 - y N ’ N
N ~
4 33 100 S c7 .
H Shell fragments at 322 ft bgs SN M Strong HCL reaction at 322
| - <« _I\] PA ft bgs
/ i
| B y N ’ N\
- N D
—120 395 B NN
. B i
PR N Organic odor
~ ’ NN
-1 L V N 7 N
7N D
7 B V N 7 N\
—115 330— | PRI N
N D
’ | 1-foot layer of sandy clay occasionall organics and {7 #[>
| | shell fragments AN
34 89 “ N vl
Ve 7
1 i NN
- = ’ N ’ N\
—110 335 | Iy
Dropstones (fine gravel) s Strong HCL reaction
- |- / N ’ N\
A N
vl
A | Very dense, dark gray, wet, slightly silty SAND PR N
(SP-SM), poorly-graded, occasional organics < K Strong organic odor
- . (Qpogf) s,
R N Sheared sand layer; sand
105 340— L .k injection
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Project: King County WTD / Brightwater Conveyance System
Project Location: King & Snohomish Counties, Washington
Contract Number: E23007E

Log of Boring E-110

Sheet 11 of 13

SAMPLES =
g £ = e 3 o g
= . - o) S o) k]
5 £ 5| < 51 o MATERIAL DESCRIPTION 25 | 3 €| REMARKS AND
3% oBle 2] 2 31818 S5 | - |85 OTHER TESTS
ue opels £ ~ 1 98| @ Ne | o |82
B “|% 3 o @ o [£2] 2°G o | o0
sl Z | @ £l o> am | 3|22
:’}.] ] ’ N Y N\
- L. =4, AY 1N
7N AN
1l 3 92 | Transitions to moist, silty SAND 1.~ .0
.. N
Hard, dark gray, moist, clayey, sandy SILT (ML), ) Blocky structure, numerous
] | low plasticity,scattered dropstones, slickensided 1P slickensides, high angle 50
{(Qpogl) PR N to 70 degrees (oer
—100 consolidated) by
345 — 1> P movement?
] | 1/ AV A
NN
L. i 2N A
1 - 1 N Y N
Layers of fine sand NN 3
N B T ’ A Y N
—95 350 - R
s, AY D
i | 1> p 2.5 {Sheared sand seam at 50
- 36 70 - H RN N degrees, sand injection
VI paN
i o 1.~ AN
i n [ AN AN
90 app | [ Very dense, dark gray, moist, silty, SAND (M), {7~ 7|°
fine sand, scattered organics (Qpogf) AE N
p
- = -/ N V] N
| i ’ N Y N\
AN
1111 1 1 IpFlIp———a— e —— e ——— e N AN
Hard, dark gray, moist to dry, clayey, slightly s 358 to 359 ft bgs, numerous
R | sandy SILT (ML), low to medium plasticity, 17> P slickensides, high angle 60
dropstones, slickensided {(Qpogt) AN to 70 degrees
—85 360 - i AW
. A PV
7 N Va A
b 37 79 - RN
] . B
N \,
| | Transitions to moist, fine sandy silt, medium _ ’ N ’ N
80 plasticity, homogeneous [
365 — -1
L s> D
N e e e )
72 CL Hard, dark gray, moist, sandy, silty CLAY (CL), ik
| frace gravel, medium.plasticity, slickensided, I IPRNAN
homogeneous, occasional organics  {Qpogl) FRNUIN
n - 1.~
4 R N AN AN
—75 PR N
370 [~ 1.
- L. E VA 7N
41l 38 98 S N
P N
= N\
ML Hard, dark gray, moist, sandy SILT (ML), fine N
g | sand (Qpogl) oy
W s /N BG
0 375 - 1707




Rev. 3 {Ver.1.1 Jan02BRIGHTWATER-BRIGHTWATER.GLB-BRIGHTWATER.GDT} O\GINT\PROJECTS\BRIGHTWATER P19.GPJ 2/4/04

Project:
Project Location:
Contract Number: E23007E

King County WTD / Brightwater Conveyance System
King & Snohomish Counties, Washington

Log of Boring E-110

Sheet 12 of 13

Elevation,

feet

—50

—35

SAMPLES =
£ O\o- g’ @ o @ ko
-~ =] @ ]
< 5102 =1 o MATERIAL DESCRIPTION 28 | 7 £ REMARKS AND
88lo 2| 2 3158 o | - |8§ OTHER TESTS
30|8 E| 2 ol @ Ne | o[58
e o= o Sl w 26 S |50
- n& 14 O] o owm 4 jda
37\) J l P ~ P N
B = - ——— e —— e —— ] N
CL Hard, dark gray, sandy, silty CLAY (CL), trace ’ N ’ N
| gravel, medium plasticity, slickensided, 17 7
homogeneous, occasional organics  (Qpfnl) NN
. - -, N ’ N
B | 1 NN
s N
380 = —H,~ N
| | Very fine sand layer 4> N
N N
b 39 100 - 4,8 N
- - 1. N 7 N\
s N
i i 1o
385 — =
N N
7] B 1.~
| d/ AN ’ N
7N N
T B 1,8 LN
" | d,N N
N D
390 — 1,k
- - -/ N , AY
AN
E 40 95 - 1<
A L Layer of silty fine sand, trace gravel, occasional PR N
organics
NN
] } | , N Y] N
395 — ~,~ N
| B 1 N Y N\
AW A
3 1> ™
-1 = 1. N\ Y N\
sy D
7 B N Y N\ Y N\
400 — />N
NN
N B 1, N
5 41 - 47N 2N
NN
7 [~ 1.~
N | d,N N
NN
405 Sandy gravel layer NN
- - -4 N\ AN
il 7 4  [High angle slickensides,
| 17> near vertical
NN
] L -1, N , N
| | | 7/ N , \
P
410— - — s
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Project: King County WTD / Brightwater Conveyance System
Project Location: King & Snohomish Counties, Washington
Contract Number: E23007E

Log of Boring E-110

Sheet 13 of 13

SAMPLES e
< £ R @ 50 5
QO - -~ — L0 @ =
T £ 51 < 5| o MATERIAL DESCRIPTION 25 | 7 €| REMARKS AND
2% 28le 2| ¢ 3| 5§18 s5|F |88| OTHERTESTS
n® onoje E 2~ ¢| s| & B | a |88
= = D =25 0] = =0 [+ o0
- Z m< 14 (O] =) on J jaa
410 S~
/ I
- - - N AN
42 50 Sandy gravel with partings and sand layers ’ N ’ N
Ve /
1 B T Vv AN , A
- - -, N Y] A
NN
VA
30 445 - NN
u | AW
’ N ’ AN
——W:I - 7 ’ N 7 N\
__4 | d,N 0
AR
N B 7 , N\ Vv N
25 420-|| 43 95 — e
’ N Y N\
T B N PAYA
N 5 4, N,
s N
N - 1.~ 0
- - 4, N Y N
—20 425 B |- NN
e Transitions to hard sandy siity clay NN
- - - N Y N
VANV
h K T ’ N , N
. - -1, N ’ N\
NN
A
15 az0-{]] 4 100 = NN
N | IV
NN
1 | Sand partings 1 0
-1 » 1 N / N\
NN
T3 B ] v N 7 N - .
Piece of wood, occasional
10 435 - d,N N mussel
o N MP Shells and shell fragments
T B 1., \|
45 100 77
n L 4./ N Y N\
s N
Terminated boring at 438 feet bgs
S 440 - .
0 445 = -




Project Location:

Project: King County WTD / Brightwater Conveyance System
King & Snohomish Counties, Washington

Log of Boring E-211

Contract Number: E23007E Sheet 1 of 9
Date(®)  6/9/03 - 6/12/03 Seotechnical Camp Dresser & McKee Inc.| 5599°¢  SHE grocked Rws 2/02/04
Drilling Method/Rig Type Wireline/ Porta-drill 2nilling . Gregory Drilling, Inc. Total Depth 280.0 feet
gggprgype PQ (7"0.D.) Hammer Weight/Drop (Ibs/in.) 300# / 30" Sround Surface - 443 4 feet / Metro
Location 20059 Ballinger Way NE Coordinates N 286325 E 1277100 Elevation Source ~ Survey
SAMPLES =
5 s |88 5o 5
= - — = (%) @
® £ 51 <2 2l o MATERIAL DESCRIPTION 25 | 3 €| REMARKS AND
3% 88lo 2| ¢ 21518 s5 |~ |88 OTHERTESTS
we aele §| 3-8 c|a o5 1 8|85
oIF_Z o€ | |]o D oo | S [&£2
/ /
| B 4, 0 to 6 feet excavated with
vacuum truck, not sampled
7 4
i i / /
N B 17 /
—410
i = i e Ve
7 I
5 B -1 s
I I e A RSP oc A OO SN 7 Id
Medium dense, brown, silty, slightly gravelly to , , Inferred from drill action and
| . gravelly SAND (SM), fine to medium  (Qvrf) 1, cuttings
I'd
- - 47 7
—405 Y
T [ T Ve /
10— — i D
4 7/
] " T V4 /
- - - 7 /
Ve /
—400 1 i | Some grinding and bucking
| | 4. L, while drilling (gravel,
possible cobbles)
e Ve
15— — -
7 Ve
T B 17 Ve
i B ] e Ve
7 4
7 B 17 4
—395 e e
| | Very dense, yellow red, moist, silty, gravelly 417 ’
SAND (SM), non-plastic, fine to medium, gravel . ,
20 | fine to coarse, subrounded (Qvt) 4, ,
] -3
1 /5" 41
E| (100+) - 11 7
Ve /
B - 1~ s
N | Jd7 d
-390 ’ ’
T " 7 7/ I
25 — -z -

OW (FT BGS): 49.2 (Low)
VWP1 (FT BGS)66.1 (Low)

VWP2 (FT BGS):

Groundwater Observation Data:

30.0 (High)

60.5 (High)

Remarks: Negative Groundwater Data indicates measurements above Ground Surface
Recovery values > 100 indicate sample expansion during sampling.

Pocket Penetrometer shown as 4.6 indicates unconfined compressive strength > 4.5 tsf
(penetrometer upper limit).
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Project: King County WTD / Brightwater Conveyance System
Project Location: King & Snohomish Counties, Washington

Log of Boring E-211
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Contract Number: E23007E Sheet 2 of 9
SAMPLES &
< £ x| & 50 5
= _ o | =5 §%) ®
® £ 51 L 2| o MATERIAL DESCRIPTION 25 | v § REMARKS AND
8% 88lo 2| 2 31618 s | - |85 OTHER TESTS
neg nela § 5~ Q © D s o |6c
> = = Q 1 = O ] o &
- Z mnm< e o ) nw - oo
25 5
: 7 /
-1 B 17 7
] 3 i v Vs
/ Ve
I B 17 7
—385
a 5 i e I
I ’
30 — NidNi
n = d1- s
rd Ve
T B 1~ I
_ - Jd7 I
—380 ’ ’
T 3 1~ ,
35 — = 4
Ve V4
T 3 1 7 d
. . 7 /
7 7
._.375 7/ 7/
1 | SAND and GRAVEL ((_J\E\)_ _________ : : Heave/slough in hole ~3'
407 | B 1. ’ Drove sampler through
i 2 | | slough - no counts, slough
117 suggests lack of matrix
| i 1- ’ fines, artesian pressure
7 7/
1 3 1/ 7/
—370
N [ A 7 /
Ve 7/
45— - - 7/
A = d7 Ve
7 e
4 = 1/ v
- » d7 4
—365 AR
N B 1/ ,
50 — =171 |7
7 7/
] i T 7 4
-} = -~/ e
7 4
_360 7 4
- - -7 4
7/ Ve
55— — 1
4 /
“1 [~ I 7
N B i / /
Ve 7
1 i 7/ 7
—355 ARP
i ] i e /
60—
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Project: King County WTD / Brightwater Conv e System :
) g y '9 onveyance Sy Log of Boring E-211
Project Location: King & Snohomish Counties, Washington
Contract Number: E23007E Sheet 3 of 9
SAMPLES e
g £ x| ® 5 g
2 - © =5 — L g [] @
3 & 5| ~ 51 ¢ MATERIAL DESCRIPTION 25 | g £ REMARKS AND
3% %|le 2| 2 3188 sg | - 8% OTHER TESTS
w Qo NnNY|a £ 3 —~ Q © g_c o O C
uw— = 0 =25 O i w =0 © O @
60 - Z m< Y o o (AN 7)) - oo
| 18-28 - Very dense, gray olive and gray blue, moist , % 2 feet slough, washing hole;
1@l 3 40 89 | SAND (SP), frace silt, gravel, yellow orange 411, slough cleaned, smooth,
(68) laminae, organic material along scattered even sample, bedding
| | bedding planes  (Qpfnf) 17 ’ inclined 5 to 10 degrees
7/ 7
350 1 i 1
N | B 7/ 7
s I
65— = i Ve
. 5 i /
7 /
i o | ﬁaﬁi,—d;k—fugw_n,_masfaéyéy—SW_'I"—C_I:—MLY I K 4 Drilling quiet at 67 ft bgs
i | numeroous disseminated organics, trace fine ’ ’
345 sand in scattered layers, slightly plastic, slow L, , Driller reports interbedded
i | dilatancy, mottled brown and green  (Qpfnl) silty CLAY and SAND,
/ ’ 3-foot beds
70 — 1/ ,
7 I
§ i T Ve '
- - -/ 7
Vi e
—340 A1
— o B4 ’
s /
75— - —
e /
] ™ 17 7/
R N ] 7 /
/ /
335 1 i 11
i B A7 s/
/ Ve
80— I 1 ’
]
_EI 4 9_(13965 17 83 R 1. ’
7 7
. - 1, 7
= L Jd7 I'd
—330 VI
1 r T /’ 4
85— - i IV I 2
Ve Ve
i I T I'd 4
= - -7 4
7 4
—325 S
1 o 17 s
90— b N / /
7 /
. — d7 /
B B B Ve v
Ve /
320 1 I 1
i N ] Ve 7
Ve 4
95— L ]
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Project: King County WTD / Brightwater Conveyance System Log of Boring E-211
Project Location: King & Snohomish Counties, Washington

Contract Number: E23007E Sheet4 of 9

SAMPLES

MATERIAL DESCRIPTION REMARKS AND

OTHER TESTS

Elevation,

feet
Number
Blows /6 in.
(N)
Recovery, %
Graphic Log
USCS
Piezometer
Schematic
Lab Tests
Pocket
Penetrometer (isf)

« Depth,
Type

a1 feet

—315

NN N NN NN

\
Ay

|

I

|

CH Very stiff, olive gray, moist, silty CLAY (CL) high
| plasticity, homogeneous, scattered bedding
plane partings (Qpfnl)

N

N

MULHLHIHIDDDHIHHBMDOTTHNMIKY

Smooth, even drive
6-9-13 ’
22) 100

—
g
1
1]
o

4.5 |Sheared zone, top of core

—310

—305

—300

—295

N

N

7-13-19 ML Hard, olive gray, wet, clayey SILT (ML), trace
(32) 89 | fine gravel, medium plasticity, slow dilatancy,
occasional fine organic fragments  (Qpfnl)

Smooth, even drive

-

»n

o

; |

T 1]
[o)]

N

—290

—285

NN N N N N N N N N N N N N N N N N Y N N Y N N N N N N N N N N N N N N N N N N N N N N N N N N N N

NN NN N N N N N Y N N N N
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Project Location:

Project: King County WTD / Brightwater Conveyance System
King & Snohomish Counties, Washington

Log of Boring E-211

Contract Number: E23007E Sheet 5 of 9
SAMPLES =
< F= ES 2 . g
S . o = | = 2281 » B
B i 5| = g o MATERIAL DESCRIPTION °F | B £ REMARKS AND
> e Ew 2 1) (l>.) g o) E E @ - 9
2T g8le B = a |l el o Qo | F |E8F OTHER TESTS
we oele § 35| g 5| o BE | o[58
13015 = nZ || 3| D gn | 3 |&&8
7 7z
1 - 17 7
n B |l 7/ 7
7 7
N - 17 7
—280
" n i / 4
e e
135 — =11 |~
. N 1 ’
s /
R o 1~ s
| = d7 7/
—275 s ,
1 B T 7 7/
— L -4 7 /
140 ] . 105214- 100 , , Even drive
18 i i
(36) ’ ’
A = 47 Ve
Ve Ve
—270 s |-
-1 -~ -7 e
145— - 1 1”
/ 7/
3 B 17 Ve
R | i 4 /
/s s
265 1 i 171
_ | | 7 7/
7 /
150 [~ Very dense, olive gray, very silly, gravelly SAND 7| |” Driller reported change at
| | (SM), cobbles, gravel rounded to subangular, ’ ’ 150 ft bgs, drili chattering
sand fine grained, poorly graded, clayey slough A1, and bucking
| | (Qpogt) 1, .
- 47 7
—260 s
b 1~ ’
155 A1 1.
/ Ve
] T / Ve
- ~H7 7
/ Ve
—255 7| |-
. 17 Ve
160 41
/ re
] q47 7
111 8 13 171 17
7/ 7
250 1 1
] i ’
P , Drilled out - button bit, 164
165 ] to 170 ft bgs




Rev. 3 {Ver.1.1 Jan02BRIGHTWATER-BRIGHTWATER.GLB-BRIGHTWATER.GDT} O:)\GINT\PROJECTS\BRIGHTWATER P19.GPJ 2/4/04

Project: King County WTD / Brightwater Conveyance System Log of Borlng E-211
Project Location: King & Snohomish Counties, Washington
Contract Number: E23007E Sheet 6 of 9
SAMPLES &
g = =2 56 5
— - wd == [2] o
5 £ 51 2 o I MATERIAL DESCRIPTION o5 | 4 £| REMARKS AND
% BBle 2| 2 A RARS Sg | = 85| OTHERTESTS
we oele £l 85|88 86| 2|55
- Z mE ||l o] D o | 4 {ada
165 § s
‘ B 7 rd
h | 7 /
7 7/
7 B / 7
245
i | 4 V4
s 7
170 - ’ ’
n B 7/ 7
9 17 ’ ,
] B s s
_ - e /
240 ’ ’
T [ ’ ’
— | — / 7
175 , y [Pressure meter test 175 to
| | 7] 7 180 ft bgs
Scattered gravel layers, approximately 6 inchesto |- [ Slow drilling
] | 1 foot thick
235 |
1 " 6-inch gravelly beds, with 6-inch sand/silt layers
180
10 17
230 1
| Silt content decreases
185~ 4
1 11 54
—225
190 Frequent slickensides and
| fractures, becciated texture
220 T Hard, olive gray, moist, silty CLAY (CL), trace N /
| | gravel and sand dropstones, medium plasticity, SN,
no dilatancy, laminae of light gray silt  (Qpogl) N
Ve Ve
195— — Yy
1 B N
11 12 o1 - N
N
245 ’ " 6-inch silt layer 2> m | a6
] | N AL
N
200— —




Rev. 3 {Ver.1.1Jan02BRIGHTWATER-BRIGHTWATER.GLB-BRIGHTWATER.GDT} O:\GINT\PROJECTS\BRIGHTWATER P19.GPJ  2/4/04

Project Location:

Project: King County WTD / Brightwater Conveyance System

King & Snohomish Counties, Washington

Log of Boring E-211

Contract Number: E23007E Sheet 7 of 9
SAMPLES <
g £ 2| ® 5 5
£ - © = 22| o 9
s £ 51 = gl o MATERIAL DESCRIPTION gg 7 £ REMARKS AND
3% §8lo 2| 2 3| &al8 Sg | = |8E| OTHERTESTS
oo Aaola E 3~ o T | & Ne | o |52
> 3 = = @ = - © O
200 = Z m<= ' (O] oD ow o} oo
High plasticity N SA
7 B 4.\, HA
| 17 Ny
N
] = 1>/
—210 N,
| i ’ N
205 — —,~,
] | 1>
N
] 13 41 - 1>
| - 4>
—205 2N .
T i 1>~
210 - , s
Laminated silt layer from 210 to 211 ft bgs SN
] i 1.~ M
| 1, N, AL
s
200 | i 1.~
E - 4,
s
215 — i N
14 70 s
| | kP
E | 1~ N
N
195 I 1
R qs>
Gravelly from 219 to 220 ft bgs N,
290 15 33 » N
i L 1> Rotary 220.5 to 225 ft bgs
SN, Drilled out to clean borehole
] i NN for in situ test, drilling rocky
[ at top, less gravel and
] B 1,~. cobbles toward 225 ft bgs
—190 A
’ | 1™~ Difficut drfing - formation
— — i 2 choking off circulation -
225 Scattered shiny black and small white grains N, mamI)Ir clay and silt, few
> : grave
| | (glass and ash?), volcanics and quartz 1, -, Pressure meter test 225 to
N 230 ft bgs
- - -7 e
N
185 s N
E - E S
N
230 — 1,8,
| 5 1> -
E = 17 N
Gravelly from 232 to 234 ft bgs N,
180 | I 1
E n 1>/
N
235— — -




Rev. 3 {Ver.1.1 Jan02BRIGHTWATER-BRIGHTWATER.GLB-BRIGHTWATER.GDT} O:\GINT\PROJECTS\BRIGHTWATER P19.GPJ 2/4/04

Project:

Project Location:

King County WTD / Brightwater Conveyance System
King & Snohomish Counties, Washington

Log of Boring E-211

Contract Number: E23007E Sheet 8 of 9
SAMPLES =
[7}
o g x| 2 - 5
R N © = | 4 29 ] ki
IS £ 51 = g e MATERIAL DESCRIPTION gg 7 £ REMARKS AND
2% oBle 2| 2 31588 Sg | - |85 OTHER TESTS
ne NnlLl|a € B~ Q © » e o |dc
S 3 = = [} [y B © o O
235 - Z o< 24 V) 2 ow | oo
39 6 53 T,
- - ., N ’
] | 17 N
N,
] | 1./
—175 N
Ve 7/
Slightly gravelly N,
240 — -1,
] B q- >/
N
] - 1./
] | 1N/
—170 N
e 17 62 - 1, .,
- | o 2
245 Cobbles N
Vd 7/
N - 1 N .
. | 4,/
s\ s
165 ] i IAY:
- 4/,>N
250 = N
Scattered slickensides, scattered light gray N Bedding inclined to 5
] | partings J,~, degrees
N s
Ny
- - - N
160 N
HIRE 22 - N
s Vs
255 - —H,N,
] | 1>/
s
7 3 1>/
] B 1>/
—155 N
i 1,/
260 = I A )
N, Sheared and brecciated
N B 1., l
R 5 N0
NN
150 ] | IPAYA
E 19 72 o i IPRNEPRN
ARV
265 — 1,8~
| N PN
VAV
T i T ’ N ’ N\
| 145 1 " Cobbles 1.
Ve P
SN N Pressure meter test 269 to
270 - I N 280 ft bgs
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Project: King County WTD / Brightwater Conveyance System
Project Location: King & Snohomish Counties, Washington

Log

of Boring E-211

Contract Number: E23007E Sheet 9 of 9
SAMPLES e
3 s || s | | 3
— - - =2 b1
% £ 519 ol MATERIAL DESCRIPTION o | 2| £| REMARKS AND
>, B, Q o =1 » IS = o |6
2% 90lg 'g g 3 s | O Se | = |83 OTHER TESTS
wE ofjo 35 oz 2 L 26 | B |85
- Z m< o (O] ) o w R
270 N N
Vs 7/
-] - V2 N Y] A
2NN
] [ T 7 N ” Ay
- L. eV AN Y N\
—140 RN
] i 1 y AN ’ N\
275 - NN
i | 2NN
VA
] B YN
— - 7 N ya N
135 N
1 [ NN
280 AA
Terminated boring at 280 feet below ground
] | surface |
—130 | i -
285 — —1
125 | I 1
290 — —
120 1 A 1
295 - —
115 | I 1
300 — —
110 | i -
305— — —




8_GEOTECH_STANDARD

plate/LibTemplate:GEOENGINEERS8.GDT/GEI

Redmond: Date:9/23/14 Path:\RED\PROJECTS\4\4082026\GINT\408202602_B01-C10.GPJ DBTem

' ~\
Start End Total Logged By DTM ) Drilling
Driled  7/7/2014 Depth (ft) 80.4 Checked By CRW Driler Holocene Method Hollow-Stem Auger
Surface Elevation (ft) 329 Hammer Autohammer Drilling Mobile B-61 Truck Ri
Vertical Datum Project Data 140 (Ibs) / 30 (in) Drop Equipment 9
Easting (X) 1375549.288 System Groundwater Deoth
. : epth to
Northing () 386456.8713 Datum Prolect Date Measured Water (ft) Elevation (ft)
Notes: Autohammer efficiency = 87% (measured 11/1/2013)
\, J
r
FIELD DATA
= o
3 5 g o c
(5} —_ = p—
¢ 5 =l 5|18 5 sl g £ MATERIAL <l = REMARKS
s S| 883 Ho |32 8 DESCRIPTION 2 2
€ £ 1= 8| £18 85 |&|s| 32 28| g8
<@ [9) = 0 K] ° @ © ol & o © 552§
w O |E x| @om|o v~ |ZS|lO| 6O SO|iLo
0 SM Brown silty fine to medium sand with gravel and Water knife/vactor to 5 feet.
B i L occasional cobbles and debris (loose, moist) Soil description based on visual observation.
(fil) (ESU 1A)
[ 5P i i i
i ST 2| 17 e SM Brown silty fine to medium sand (medium dense, 12
N m - moist) (glacial till) (ESU 5A) i
IS ' | 'sM [ Brownish gray silty fine to medium sand with |
| oV i L gravel and occasional cobbles and boulders
(very dense, moist) (ESU 5B)
B 10— ) - ]
] 13| 50 X 9 |29
_fb"cj i L ]
§ L o B N No recovery
®
B T B 1 Switched to mud rotary
- 20 ——wm o | 502" — | No recovery
| 12| 78 3 I 9 | 28
© SA SM Gray silty fine Ito medium sand with gravel (very
| > i L dense, moist) B
- 25— 4 - —
] 12| 66 r 10 | 25
Sy ] L ]
B 30— 5 - ]
] 10| 78 & 10 | 25
ey i - i

35—

Note: See Figure A-0 for explanation of symbols.

Log of Boring LLE-B06

GEOENGINEERS /J

Project:
Project Location:
Project Number:

Sound Transit - Lynnwood Link Extension
Shoreline, Washington
4082-026-02

Figure A-54
Sheet 1 of 3

o




8_GEOTECH_STANDARD

plate/LibTemplate:GEOENGINEERS8.GDT/GEI

Redmond: Date:9/23/14 Path:\RED\PROJECTS\4\4082026\GINT\408202602_B01-C10.GPJ DBTem

FIELD DATA
— o
8 I - 5 MATERIAL
QL = = T 9
s Bl slz|z 2 |32 s DESCRIPTION gl REMARKS
S ke § € |3 o 2 [Z]2 Q_é el F
A= 2 |3 9f |3 ? 5
s Sle§lE|: H3 |88 2k
w o |E x| @m|o v~ |SlO| 6O SO|iLo
35— — —
] 10 [ 59 & 10
] MC
] | SM | Graysilty fine to medium sand with gravel |
. - (dense, moist) i
40 _] 13| 48 z I 10| 21
SA
7 | SM | Brown silty fine to medium sand with occasional |
. - gravel (dense, moist) i
45 _] 1| 35 8 B |10
MC
7 SP-SM Brownish gray with oxidation staining fine to
4 R L medium sand with silt (dense, wet) (advance |
e outwash) (ESU 6B)
50 — Rk = — Groundwater observed at 50 feet
] 4] 37 SgA sl 22 | 12 during drilling
] | sM | Brownish gray silty fine to medium sand (very |
4 L dense, wet) i
%5 _] 17 | 61 10 B 1 22| 13
%F
h "] SP-SM [ Brownish gray fine to medium sand with silt (very |
. R I dense, wet) ]
60— 11 — —]
] 18| 64 a 22 | 10
65 — " 12 ‘ : ’ — -
10 | 50/6 iz B 22
7] e I ] Rough drilling at 66 feet
] | sM | Brownish gray silty fine sand (very dense, wet) |
70— 13 — —
] 16| 69 & 24 | 13
] | SP-SM [ Gray fine sand with silt (very dense, wet) |
75 . M Ol | |
] 10 | 50/6 a S 24 | 12
Note: See Figure A-0O for explanation of symbols.
Vv
N\
Log of Boring LLE-B06 (continued)
/- Project: Sound Transit - Lynnwood Link Extension
G Project Location:  Shoreline, Washington .
EOENGINEERS /4/ | P 9 Figure A-54
Project Number:  4082-026-02 Sheet20of3 )




8_GEOTECH_STANDARD

plate/LibTemplate:GEOENGINEERS8.GDT/GEI

Redmond: Date:9/23/14 Path:\RED\PROJECTS\4\4082026\GINT\408202602_B01-C10.GPJ DBTem

[ FIELD DATA
E 2| | .15 § |e|3 ¢ MATERIAL sl 2 REMARKS
§ €|, 58| 2|3 3o |B2| & DESCRIPTION 2| €
& SIEel2|3 &2 |25 68 28|£8
[ h SM_ | “Graysilty fine sand (very dense, wet) |
| 9 i u i
i 01w 5 | s 38 [ 121
Note: See Figure A-0 for explanation of symbols.

\. J
( A
Log of Boring LLE-B06 (continued)

Project: Sound Transit - Lynnwood Link Extension
G EO E NG | N E E RS / : / PI’Oj:eCt Location: Shoreline, Washington Figure A-54
L Project Number:  4082-026-02 Sheet30f3 J




8_GEOTECH_STANDARD

plate/LibTemplate:GEOENGINEERS8.GDT/GEI

Redmond: Date:9/23/14 Path:\RED\PROJECTS\4\4082026\GINT\408202602_B01-C10.GPJ DBTem

r "\
Start End Total Logged By ERH ) Drilin
Driled  7/11/2014  7/11/2014 | Deptn () © 1" Checked By CEW | Driller Holocene Methoy Hollow-Stem Auger
Surface Elevation (ft 317 Hammer Autohammer Drilling Diedrich D-120 Truck Ri
Vertical Datum Project Data 140 (Ibs) / 30 (in) Drop Equipment ¢
Easting (X) 1375800.355 System Groundwater Deoth
! . ep! (o}
Northing (¥) 387658.5549 Datum Prolect Date Measured Water (ft) Elevation (ft)
Notes: Autohammer efficiency = 70% (measured 9/30/2013)
\, J
r
FIELD DATA
= o
D £ g 9 c
g 2| S| 4la § |28 & MATERIAL s REMARKS
s 158|213 3o |9|2] 8 DESCRIPTION | €
© = 2 |18 9g¢g 5 7 E
s F|&8 gl 5|2 o3 |3|E| 2k 228t
w O |E x| @om|o v~ |ZS|lO| 6O SO|iLo
0 -
17 7|SOD 3 inches sod Water knife/vactor to 5 feet.
= - sM | Brown silty fine to medium sand with gravel, B Soil description based on visual observation.
o occasional cobbles and boulders (medium
— T B dense, moist) (fill) (ESU 1B) N
i 5_] 14| 28 & | With decreasing cobbles and boulder content ] 8 |2
[ 2® _ u i
i ' .| SP-SM [ Gray fine to coarse sand with silt and gravel |
B i R L (dense, moist) i
] 15| 35 e o 5
o o Rough drilling
| o5 i : L ]
i T SM Gray silty fine to medium sand with occasional
B i L gravel (dense to very dense, moist) (glacial i
till) (ESU 5B)
B 15— 3 | ]
] 18| 36 = 8 | 26
S _ L i
- 20_ 4 — 5 —]
] 18| 46 & Grades to with gravel 8 | 25
| i - i
i BT 18| 57 5 | Grades to brown | 8
oy i - i
i ] | SM | Grayish brown silty fine to medium sand (medium | Rough drilling
B i I dense, moist) E
i %0 _] 18| 27 8 B 17| 27
SA
| i - i
i ] | SM | Gray silty fine to medium sand with occasional |
N m - gravel and trace organics (dense, wet) i
B 35— L _
Note: See Figure A-0 for explanation of symbols.

\, J
4 N
Log of Boring LLE-B08

Project: Sound Transit - Lynnwood Link Extension
G EO E N G INEER S / Project Location: Mountlake Terrace, Washington .
. Figure A-55
L Project Number:  4082-026-02 Sheet10f3 )




8_GEOTECH_STANDARD

plate/LibTemplate:GEOENGINEERS8.GDT/GEI

Redmond: Date:9/23/14 Path:\RED\PROJECTS\4\4082026\GINT\408202602_B01-C10.GPJ DBTem

FIELD DATA
= o
E S - 5 MATERIAL
(] — = —
S 3| slsld § 3B = sl s REMARKS
s &|_2l 8|z 3o |3]a| & DESCRIPTION L E
= = 2l 3 (8 42 [=|2| =% SE| %
s gle§lE|: H3 |88 2k
w O |E x| @om|o v~ |ZS|lO| 6O SO|iLo
35—
] 18| 33 7
,,39 Groundwater observed at 36 feet
B T B 1 during drilling
i 7 SP Gray fine to medium sand with occasional gravel
u . and trace silt (very dense, wet) (advance i
outwash) (ESU 6B)
i 40 _] 18| 50 8 B 115 4
SA
®
| o) 4 i |
i ] |~ SM~ | Gray silty fine to medium sand (very dense, wet) |
i 45 _] 12| 56 9 B 1 21
MC
[ © i - |
i %0 _] 18| 60 10 - 23|15
%F
| & il - i
i ] | sM [ Grayish brown silty fine sand (very dense, wet) |
= 55_ " 11 — —]
] 14 | 50/5 & 23 | 14
S i - i
i 80T o | 505 B N No recove
ry
o
| > i L i
i 7 CL Gray lean clay (hard, moist) (transitional beds)
i i i (ESU7) i
i 65_] 13| 38 12 B 1 24 AL (LL = 34%; PI = 11%)
oy i i i
i ] | ML | Gray with oxidation staining silt with sand and |
L 4 I trace organics (hard, moist) B
] 18 | 63 s 25
_‘Lb?’ i L ]
i ] | Dark brown peat (hard, moisty |
- 75— " 14 —
] 12 | 50/6 3 . 110
Note: See Figure A-0 for explanation of symbols.
\. J
( A
Log of Boring LLE-B08 (continued)
Project: Sound Transit - Lynnwood Link Extension
G EO E N G INEER S / Project Location: Mountlake Terrace, Washington .
. Figure A-55
L Project Number:  4082-026-02 Sheet2of3 )




8_GEOTECH_STANDARD

plate/LibTemplate:GEOENGINEERS8.GDT/GEI

Redmond: Date:9/23/14 Path:\RED\PROJECTS\4\4082026\GINT\408202602_B01-C10.GPJ DBTem

[ FIELD DATA
& | 2|15 § |e]3 & MATERIAL sl 2 REMARKS
§ €|, 58| 2|3 3o |B2| & DESCRIPTION S
g dlcd|a|8 82 |E|6| 6d 28|£3

| o i - -

i ] 7] | MU | Graysiltwith sand (hard, wet) |

§ 80_] 18| 68 E B 1 25 AL (non-plastic)

Note: See Figure A-0 for explanation of symbols.

\. J
( A
Log of Boring LLE-B08 (continued)

Project: Sound Transit - Lynnwood Link Extension
G EO E N G INEE RS / ‘ / PrOJ'ect Location: Mountlake Terrace, Washington Figure A-55
L Project Number:  4082-026-02 Sheet30f3 J




8_GEOTECH_STANDARD

plate/LibTemplate:GEOENGINEERS8.GDT/GEI

Redmond: Date:9/23/14 Path:\RED\PROJECTS\4\4082026\GINT\408202602_B01-C10.GPJ DBTem

' ~\
Start End Total Logged By DTM ) Drilling
Driled  7/15/2014  7/17/2014 | Depth () ° 1 Checked By CRW | Driller Holocene Methog Hollow-Stem Auger
Surface Elevation (ft) 331 Hammer Autohammer Drilling Mobile B-61 Truck Ri
Vertical Datum Project Data 140 (Ibs) / 30 (in) Drop Equipment 9
Easting (X) 1375875.506 System Groundwater Deoth
! . ep! (o}
Northing (Y) 388349.367 Datum Prolect Date Measured Water (ft) Elevation (ft)
Notes: Autohammer efficiency = 87% (measured 11/1/2013)
\, J
r
FIELD DATA
= o
@ £ g g c
{9 — = —
¢ 5 =l 5|18 5 sl g £ MATERIAL <l = REMARKS
5 £ 8|8z do |8|2] & DESCRIPTION 2 2
€ £ 1= 8| £18 85 |&|s| 32 28| g8
<@ [9) = 0 K] ° @ © ol & o © 552§
w O |E x| @om|o v~ |ZS|lO| 6O SO|iLo
0 — - ——
S SM Brown silty fine to medium sand with silt, gravel, Water knife/vactor to 5 feet.
o ] L occasional cobbles and trace roots (loose, i Soil description based on visual observation.
moist) (fill) (ESU 1A)
[ 5T 2| 10 N%C SM Brown silty fine to medium sand with gravel 9
|V . - (medium dense, moist) (recessional outwash) |
(ESU 4)
i ' SP-SM | Brown fine to medium sand with silt, gravel and |
B i L occasional cobbles (dense, moist) i
B 10— ) - ]
B _] 10| 32 2 | | 1 7
B T B ] Rough drilling
i T SM Brown silty fine sand (dense to very dense, moist
B i L to wet) (glacial till) (ESU 5B) i
] | B Rough drilling
o 15 8 41 3 22 | 43 Groundwater observed at 15 feet
| o> m SA | i during drilling
B 20— m 0 | 50/4" N N No recovery
| ® ] L i
i T SP Brown fine to medium sand with occasional
B i L gravel and trace silt (very dense, wet) i
(advance outwash) (ESU 6B)
- 25— " 4 = -
® _] 18 | 50/4 & I | 16 | 3
- o 30— o |s50/2.5" I~ ] No recovery
Y | L i
= . - S
.| SP-sm Brown fine to coarse sand with silt and gravel
N m - (very dense, wet) i
B 35— - _

Note: See Figure A-0 for explanation of symbols.

Log of Boring LLE-B09

Project: Sound Transit - Lynnwood Link Extension
G EO E N G INEER S / : / PI’Oj:eCt Location: Shoreline, Washington Figure A-56
L Project Number:  4082-026-02 Sheet10f3 )




8_GEOTECH_STANDARD

plate/LibTemplate:GEOENGINEERS8.GDT/GEI

Redmond: Date:9/23/14 Path:\RED\PROJECTS\4\4082026\GINT\408202602_B01-C10.GPJ DBTem

p
FIELD DATA
= 2
E I - 5 MATERIAL
) = g | 2
= 3l s |2 2 218 = sl s REMARKS
5 £l 8|8z do |8|2] & DESCRIPTION L 2
- el n 8 e .E — < Qn :::’ S S
s 5|z 8| s|E H3 |8|E| g8
[} o |lE x| m |o 7 [ =[G 6O So|iLo
35 T — —]
" 5
| | 4 | 50/4 N I | 14 | 11
i Y 40_] 17 | 85/11" X | Grades to with occasional gravel 122 9
iy - - ]
= - -t = 4
| SP-SM Brown fine to medium sand with silt (very dense,
L - - wet) ]
C.® _] 12 | 506" 7 ~ 22| 9
| _ %F L i
i ' | sM | Brown silty fine to medium sand with occasional |
R i L gravel and silt interbeds (very dense, wet) i
i SO 12 | 508" 8 = — 19 | 17
| ] SA B ]
B 55— . . | _|
4 ] 12 | 5016 = 20 | 20
B 60— . o | _|
4 M 6 | 506 L 12 | 28
B 65— . i | _|
& 1 EREG o 11
- . 70 Tl o |s0m — N No recovery
|0 _ L i
P RS 12 I~ | 29 AL (LL = 63%; PI = 34%)
| o . AL CH | Gray sandy fat clay (hard, moist) (transitional
P beds) (ESU 7)
Note: See Figure A-0O for explanation of symbols.
\ J
{ N
Log of Boring LLE-B09 (continued)
/- Project: Sound Transit - Lynnwood Link Extension
G Project Location:  Shoreline, Washington .
EOENGINEERS /4/ | P 9 Figure A56
L Project Number:  4082-026-02 Sheet20of3 )




8_GEOTECH_STANDARD

plate/LibTemplate:GEOENGINEERS8.GDT/GEI

Redmond: Date:9/23/14 Path:\RED\PROJECTS\4\4082026\GINT\408202602_B01-C10.GPJ DBTem

Elevation (feet)

FIELD DATA
o
S - 5 MATERIAL
= -~ D D
3 3l 5 |8 S gl 8 2 A REMARKS
Sls 8| (3 Yo |J]2 8 DESCRIPTION o €
>l % |5 3 S| S| oF 55,5
Sz 8|l 218 85 |8 5| 2% 28|g2
o |2 o o ° © © ol & o © 56|86
o | x| m [o - [0 ] 00O So|iLo
. o - - +r - - _
ML Gray sandy silt (hard, wet)
80_] 18 | 83/11" 13 B 1 26
MC

Note: See Figure A-0 for explanation of symbols.

Log of Boring LLE-B09 (continued)

\

Project: Sound Transit - Lynnwood Link Extension

G EO E N G INEE RS / : / Project Location:  Shoreline, Washington Figure A-56

Project Number:  4082-026-02 Sheet 3 of 3

o




8_GEOTECH_STANDARD

plate/LibTemplate:GEOENGINEERS8.GDT/GEI

Redmond: Date:9/23/14 Path:\RED\PROJECTS\4\4082026\GINT\408202602_B01-C10.GPJ DBTem

Note: See Figure A-0 for explanation of symbols.

' ~\
Start End Total Logged By DTM ) Drilling
Driled  6/19/2014  6/19/2014 | Deptn () © 1" Checked By CRW | Driler Holocene Method Mud Rotary
Surface Elevation (ft 354 Hammer Autohammer Drilling Mobile B-61 Truck Ri
Vertical Datum Project Data 140 (Ibs) / 30 (in) Drop Equipment 9
Easting (X) 1376055.124 System Groundwater Deoth
! . ep! (o}
Northing (Y) 388777.7713 Datum Prolect Date Measured Water (ft) Elevation (ft)
Notes: Autohammer efficiency = 87% (measured 11/1/2013)
L oles: 3 (in) solid well installed at 80 (ft), decommissioned after seismic testing.
7
r
FIELD DATA
= o
D £ g 9 c
g 2| 3|8 § |28 £ MATERIAL 2 2 REMARKS
§ £l.5| 2|3 3o |B2| & DESCRIPTION oI T
g < 2l 2|8 42 |3|E| =5 28(g8
s =lz 8| 3|E 2% |8 ¢8| 38 -
| o [E x| @m|o a [Z|]O]| 0O SO |iLo
0 — -
AC 3 inches asphalt concrete Water knife/vactor to 5 feet.
- - sM |- Grayish brown silty fine to medium sand with — Soil description based on visual observation.
occasional gravel and cobbles (dense to very
B 1 » dense, moist) (glacial till) (ESU 5B) T
| | L i
- 5— . 1 - -
| & | 502 X 13 | 28
_‘bb(‘o i L ]
B 10— m " 2 I~ m
1| 503 e 9
[ o® i L ]
i B—m 4 | 503 3 | Grades to moist to wet | 8
[ . T | 'sM [ Grayish brown silty fine to medium sand with |
| o5 i L occasional gravel (very dense, moist) i
- 20— " 4 — —
B EREL & 12 | 43
| _ u i
i 2 m 3 |53 2 | Grades to moist to wet ]9
| i i i
§ 0w 4 | 5o 6 B N Poor recovery
i o _ SP-SM Grayish brown silty fine to medium sand with
| oV m - gravel (very dense, moist to wet) (advance i
outwash) (ESU 6B)
B 35— - _

Log of Boring LLE-B10S

Project: Sound Transit - Lynnwood Link Extension
G EO E N G INEER S / : / PrOJ:ect Location: Mountlake Terrace, Washington Figure A-57
L Project Number:  4082-026-02 Sheet10f3 )




8_GEOTECH_STANDARD

plate/LibTemplate:GEOENGINEERS8.GDT/GEI

Redmond: Date:9/23/14 Path:\RED\PROJECTS\4\4082026\GINT\408202602_B01-C10.GPJ DBTem

p
FIELD DATA
- o
3 < g 2 c
(4] — = IS -
¢ 5 =l 518 5 5| 8 g MATERIAL <l = REMARKS
S S l5 8| L3 Yo [3e S DESCRIPTION 0|
=] = 2|1 % |8 42 || % SE| %
5 |8 g| 2|2 5% |88 2k
[} o |lE x| m |o - [S|o] 00O So|iLo
35— = —
" 7
| _] 6 | 504 L s | 7
[ . ] | sM | Grayish brown silty fine to medium sand with |
| o> . - gravel (very dense, moist to wet) i
i 0w 2 | s 8 B 1 1
MC
| ® | L i
§ S—Tm |5 0 B B
| s _ L i
B 0T m 4 | 5004 10 I~ | 14 | 36
%F
S T | CL | Grayish brown lean clay with sand (hard, moist) |
| oS _ u i
B 55 — " 11 — ] =27%; Pl = 8%
] 9 | s0/3 u 22 AL (LL = 27%; PI = 8%)
[ o T | sM | Brown silty fine to medium sand (very dense, |
| ? _ o moist) i
B 60 — . 12 - _|
] 12 | 88/9 &z 16 | 22
iy i i ,
§ 85—Tm o | s05 B N No recovery
[ . T | SM | Gray silty fine to medium sand with silt interbeds |
| o . I (very dense, wet) B
- 70 — — — Groundwater observed at 70 feet
] 16| 82 é—i 18 | 12 during drilling
S - i i
- 75— 14 - _|
] 18| 83 2 24 | 19
Note: See Figure A-0O for explanation of symbols.
\ J
4 N
Log of Boring LLE-B10S (continued)
Project: Sound Transit - Lynnwood Link Extension
G EO E N G INEER S / Project Location: Mountlake Terrace, Washington .
. Figure A-57
L Project Number:  4082-026-02 Sheet20of3 )




8_GEOTECH_STANDARD

plate/LibTemplate:GEOENGINEERS8.GDT/GEI

Redmond: Date:9/23/14 Path:\RED\PROJECTS\4\4082026\GINT\408202602_B01-C10.GPJ DBTem

[ FIELD DATA
ool gL E [ofg] e MATERIAL 2 2 REMARKS
§ Sl_5| 83 do 32| & DESCRIPTION L 2
w &E&|=|8 &2 |2|5] 68 £8|£8
i o ] | SM" | “Graysily fine sand (very dense, wet) |
L ] - _
i 80_] 17 9311 15 B 21| 24
= = SA - -
Note: See Figure A-0 for explanation of symbols.

\. J
( A
Log of Boring LLE-B10S (continued)

Project: Sound Transit - Lynnwood Link Extension
G EO E N G | N E E RS / : / PrOJ'ect Location: Mountlake Terrace, Washington Figure A-57
L Project Number:  4082-026-02 Sheet30f3 J




8_GEOTECH_WELL

plate/LibTemplate:GEOENGINEERS8.GDT/GEI

Redmond: Date:9/23/14 Path:\RED\PROJECTS\4\4082026\GINT\408202602_B01-C10.GPJ DBTem

' ~\
Start End Total Logged By DTM ) Drilling
Driled 6/20/2014  6/20/2014 | Depth (ft) 81.5 Checked By CRW | Driller Holocene Methog Mud Rotary
Hammer Autohammer Drilling Mobile B-61 Truck Ri DOE Well I.D.: BIP344
Data 140 (Ibs) / 30 (in) Drop Equipment 9 A 2 (in) well was installed on 6/20/2014 to a depth of
30.25 (ft).
Surface Elevation (ft) 362.49 Top of Casing 362.26 ®
Vertical Datum Project Elevation (ft) ) Groundwater Depth to
Easting (X) 1376334.3 Horizontal Date Measured Water (ft) Elevation (ft)
Northing (Y) 389321.79 Datum Project 8/12/2014 7.4 354.9
Notes: Autohammer efficiency = 87% (measured 11/1/2013)
\
{ N
FIELD DATA WELL LOG
]
g S 5 MATERIAL
b — = — — —_
"’é/ © 3| 5 B S Q §) '% * * Steel surface
5 E1_ 5| & |3 oo |3 o S DESCRIPTION o = monument
T £ |2 3| 2|8 95 |&/5| 57 28 | 08
H 2 |g 9 g |2 =k =l © o8 2 | 0%
o o [2 ol &2 |® ol © A [ =g S| £6
| o [E x| @m|o a [Z|]O0]| 0O =0 | Lo N
B 0 J—AC 3 inches asphalt concrete | Concrete surface
B sM [ Brown silty fine to medium sand with occasional seal
gravel, cobbles and trace organics (loose,
K3 T B moist) (fill) (ESU 1A) ]
- - - —Bentonite seal
i 5—] | (Water knife/vactor to 6 feet. Soil description _] 2-inch Schedule 20
L based on visual observation.) PVC well casing
B T 18| 19 1 =—==| PT Dark brown/black peat (soft, moist) (wetland 18
& _ Mc v deposits) (ESU 2)
| A4 SP-SM - - - n
Gray fine to medium sand with silt (medium
| T B dense, wet) (advance outwash) (ESU 6A) T
10— = — 10.0—-. . —— ~Colorado silica
i _] 15| 30 2 I | 20| 6 = | sand
S I I —
- = e —
| | SP-SM Grayish brown fine to medium sand with silt and —
. - occasional gravel (dense to very dense, wet) —
- (ESU 6B) "
R 15_] 13| 60 3 B -1 17 9 —
| SA | ] j—
=] I | =
B 02 g 12| 38 4 | With decreasing gravel content ] 22| 8 — E,\',”g;vﬁﬁ 222?,:3’40
- SA - . f— 0.020-inch slot
B — width
EC I 1 =
B ] |~ SM" | Grayish brown silty fine to medium sand (very | —]
_ - dense, wet) E —
N 25 _] 12| 58 5 B 24| 14 —]
| SA | ] —
E * 1 —
N %0 _] 12| 51 6 B 23 | 14 | 30.0— mmm I 2.nch Scheduie 40
| %F | ] PVC well cap
| T B E
N T SP-SM | Grayish brown with oxidation staining fineto |
. - medium sand with silt (very dense, wet) B

35—

Note: See Figure A-0O for explanation of symbols.

Log of Boring LLE-B11P

Project: Sound Transit - Lynnwood Link Extension
G EO E N G INEER S / : / PI’Oj:eCt Location: Shoreline, Washington Figure A-58
L Project Number:  4082-026-02 Sheet10f3 )




Elevation (feet)

8_GEOTECH_WELL

plate/LibTemplate:GEOENGINEERS8.GDT/GEI

£

FIELD DATA WELL LOG

MATERIAL
DESCRIPTION

Recovered (in)
Blows/foot
Collected Sample
Sample Name
Testing

Water Level
Graphic Log
Group
Classification
Moisture
Content (%)
Content (%)

& Depth (feet)
Fines

L
H Interval

>

2]

(4]
5~
1

|

IN)
N

)

208

)

40 —] 18 58 8 : 22 10
_ %F | |

| SP-sM Brownish gray silty fine to medium sand with silt
. - (very dense, wet) B

45 18| 57 9 : B 1 23 | 10
%F

| SM | Gray silty fine to medium sand with silt interbeds
i I (very dense, wet) -

50_] 12 | 50/6" 10 23

ML Gray sandy silt (hard, wet) (transitional beds)
i L u7) ]
%5 _] 1 | s0/5° 11 I 27 | 70
= %F - -
—Bentonite seal
60 _] 15 | s8/o" 12 I~ 1 26
= MC - -
T | CL | Grayleanclay (hard, moisty |
65— — —
] 18 | 61 3 AL (LL = 45%; PI = 20%) 23

75_] 18| 46 15 ™ AL (LL = 29%; PI = 10%) 25

Note: See Figure A-0 for explanation of symbols.

Log of Boring LLE-B11P (continued)

Redmond: Date:9/23/14 Path:\RED\PROJECTS\4\4082026\GINT\408202602_B01-C10.GPJ DBTem

Project: Sound Transit - Lynnwood Link Extension
G EO E N G INEE RS / : / PI’Oj:eCt Location: Shoreline, Washington Figure A-58
Project Number:  4082-026-02 Sheet20of3
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Figure A-58
Sheet 3 of 3
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8_GEOTECH_STANDARD

plate/LibTemplate:GEOENGINEERS8.GDT/GEI

Redmond: Date:9/23/14 Path:\RED\PROJECTS\4\4082026\GINT\408202602_B01-C10.GPJ DBTem

' ~\
Start End Total Logged By ERH ) Drilling
Driled  7/21/2014  7/21/2014 | Depth () O Checked By CRW | Driller Holocene Methog ollow-Stem Auger
Surface Elevation (ft) 394 Hammer Autohammer Drilling Mobile B-61 Truck Ri
Vertical Datum Project Data 140 (Ibs) / 30 (in) Drop Equipment 9
Easting (X) 1376263.904 System Groundwater Deoth
! . ep! (o}
Northing (¥) 389682.3318 Datum Prolect Date Measured Water (ft) Elevation (ft)
Notes: Autohammer efficiency = 87% (measured 11/1/2013) 7/121/2014 38.2 355.85
\, J
r
FIELD DATA
= o
D £ g 9 c
g 2| S| 4la § |28 & MATERIAL s REMARKS
§ £l.5| 2|3 3o |B2| & DESCRIPTION oI T
T = z| 2 |3 42 |5|5| 2% 28(g8
s Sle gl 2|E Hg [8|8| c¢ HH
w O |E x| @om|o v~ |ZS|lO| 6O SO|iLo
0 -
! AC 7 inches asphalt concrete Water knife/vactor to 5.5 feet.
| - T cR F\ 2 inches base course = Soil description based on visual observation.
y SP-SM Brown fine sand with silt, gravel and occasional
B T i cobbles (medium dense, moist) (fill) (ESU 1B)
[ s> _ : L i
I~ 5_ ‘277777777.77.77.77.f7.7777.7777
SP-SM Brown with oxidation staining fine to medium
B _] 5] 10 A L sand with silt (medium dense, moist) 4 11|12
- -’ - 4 - - __ 1
“ 1.°] SP-SM Brown fine to medium sand with silt and
| o i L occasional gravel (medium dense, moist) i
i 10—] 13] 30 2 B 16| 8 Hard drilling
> _ L i
L 15_] 0 48 = ] No recovery
B | 1 I I
“ 1| SP-sM Gray fine to medium sand with silt and
S i L occasional gravel (medium dense, moist) i
- 20_ 3 — —]
] 18| 21 = 9
i S T SM Gray silty fine to medium sand with occasional
S i L gravel and lenses of wood/peat and silt i
(dense, moist) (advance outwash) (ESU 6A)
i 25 _] 13| 33 4 B N
& ] L i
B 30— 5 - ]
] 18| 31 & 8 | 13
S T | SM | Brown with oxidation staining silty fine to medium |
| m sand with occasional gravel and silt interbeds |
(dense, moist) (ESU 6B)

35—

Note: See Figure A-0 for explanation of symbols.

Log of Boring LLE-B12

Project:

GEOENGINEERS /;/ projoct Location

Project Number:

Sound Transit - Lynnwood Link Extension
Mountlake Terrace, Washington
4082-026-02

Figure A-59
Sheet 10f3 J




8_GEOTECH_STANDARD

plate/LibTemplate:GEOENGINEERS8.GDT/GEI

Redmond: Date:9/23/14 Path:\RED\PROJECTS\4\4082026\GINT\408202602_B01-C10.GPJ DBTem

p
FIELD DATA
= o
D £ g 9 c
Ko = = IS | @ S MATERIAL
= 3l s |2 2 218 = sl s REMARKS
s 1088z 3. |32 & DESCRIPTION L E
-*(-“' 5 I ° e i | = % :::, c c
s Sle§lE|: H3 |88 2k
w o |E x| @m|o v~ |SlO| 6O SO|iLo
35— — —
] 18| 35 c/ﬁF 17 | 14
] ¥ 71" 5P | Brown fine to medium sand with irace sitand | Groundwater abserved at 36 feet
| o . - occasional gravel (dense, wet) i uring driing
i VTR s| a2 & - 18| 4
B T I ] Driller added mud to control heave
N ] D
S | SP-sm Brown fine to medium sand with silt (dense to
| P . - very dense, wet) i
§ 45 _] 16| 55 c/ﬁF B 120 | 8
| o5° ] o i
i %0 _] 17| a7 & - 19| 10
| o ] o i
i % _] 14| 75 2 B 12| 7
- = -
“ 1| SP-sM Brown with oxidation staining fine to medium
| o ] o sand with silt and silt interbeds (very dense, |
wet)
i 60 _] 18| 53 u I~ 23] 9
S _ L i
= 65 _] ) 64 12 — N Poor recovery
| i i ,
§ 70_] 12| 74 13 ik B 1 18
MC . B i
I i “ o
o 1| SP-sM Brown with oxidation staining fine to medium
| oV _ L sand with silt (very dense, wet) 4
i & _] 18| 67 u B 21| 10
Note: See Figure A-0O for explanation of symbols.
\. J
4 N
Log of Boring LLE-B12 (continued)
Project: Sound Transit - Lynnwood Link Extension
G EO E N G INEER S / Project Location: Mountlake Terrace, Washington .
. Figure A-59
L Project Number:  4082-026-02 Sheet20of3 )




8_GEOTECH_STANDARD

plate/LibTemplate:GEOENGINEERS8.GDT/GEI

Redmond: Date:9/23/14 Path:\RED\PROJECTS\4\4082026\GINT\408202602_B01-C10.GPJ DBTem

Elevation (feet)

FIELD DATA
]
5 2 .
2| S| 408 § |28 & MATERIAL ¢ REMARKS
5] 2|3 Fo |82 S DESCRIPTION o= 2
£lc g 218 EE |&|5| 53 28|98
o | g| & |3 g8 |88 2w 25| ¢eg
O |E x| @om|o v~ |ZS|lO| 6O SO|iLo
80_] 11| 50/5° i3 22| 12

Note: See Figure A-0 for explanation of symbols.

Log of Boring LLE-B12 (continued)

\

GEOENGINEERS /j

Project:
Project Location:
Project Number:

Sound Transit - Lynnwood Link Extension

Mountlake Terrace, Washington

4082-026-02

Figure A-59
Sheet 3 of 3

o




8_GEOTECH_STANDARD

plate/LibTemplate:GEOENGINEERS8.GDT/GEI

Redmond: Date:9/23/14 Path:\RED\PROJECTS\4\4082026\GINT\408202602_B01-C10.GPJ DBTem

35—

Note: See Figure A-0 for explanation of symbols.

' ~\
Start End Total Logged By CRW ) Drilling
Driled  6/21/2014 61212014 | Depth (ft)y © 12 Checked By CRW | Driller Holocene Method Hollow-Stem Auger
Surface Elevation (ft) 395 Hammer Autohammer Drilling Mobile B-61 Truck Ri
Vertical Datum Project Data 140 (Ibs) / 30 (in) Drop Equipment 9
Easting (X) 1376317.541 System Groundwater Deoth
! . ep! (o}
Northing (¥) 389984.2055 Datum Prolect Date Measured Water (ft) Elevation (ft)
Notes: Autohammer efficiency = 87% (measured 11/1/2013)
\, J
r
FIELD DATA
= o
3 < g g
g =l 3|48 § el £ MATERIAL sl 2 REMARKS
s £ £l 8|3 3o |32 8 DESCRIPTION 2 €
€ £ |2 5| 2|3 g5 |&|5| 53 HN
k] o [€ ol & |% T 3 c| ® o ® 55|25
w O |E x| @om|o v~ |ZS|lO| 6O SO|iLo
0 -
AC 4 inches asphalt concrete Water knife/vactor to 5 feet.
- B o cR [ \3inches base course B Soil description based on visual observation.
°| ep.am Gray fine to coarse gravel with silt and sand
B 1 o (medium dense, wet) (fill) (ESU 1A) T
- - o - |
(o)
i o L ]
X o
| - 5— y - ]
] 4 1 Mic o 3
B i ° L ]
o]
B i R L ]
i ' | sM [ Brownsilty fine to medium sand with gravel, |
B i L trace roots and wood fragments (loose to i
» medium dense, moist)
| o 10— - ]
] 14| 22 2 10 | 15
%F
5 15— - ]
] 18] 6 & With trace wood fragments 13 | 17
\a)
_{g\ 20 pa— 4 — . . . —
] 12| 17 Wi With occasional asphalt and debris 1
i T SP Gray fine to coarse sand (medium dense, moist)
B i L (advance outwash) (ESU 6A) i
£
B 25 _] 18| 22 5 B 17| 4
SA
B i A -
| SP-sm Gray fine to medium sand with silt (medium
i I dense, moist) E
»
_‘b% 30— - |
6
] 18| 23 o 16 | 8
- E - B Groundwater observed at 32 feet
. during drilling
o - =] e
.| SP-SM Gray fine to medium sand with silt and gravel
N m - (dense, wet) (ESU 6B) i
S
| oS - _

Log of Boring LLE-B13

GEOENGINEERS /J

\

Project:
Project Location:

Project Number:  4082-026-02

Sound Transit - Lynnwood Link Extension
Mountlake Terrace, Washington

Figure A-60
Sheet 10f3 J




8_GEOTECH_STANDARD

plate/LibTemplate:GEOENGINEERS8.GDT/GEI

Redmond: Date:9/23/14 Path:\RED\PROJECTS\4\4082026\GINT\408202602_B01-C10.GPJ DBTem

Elevation (feet)

& Depth (feet)

L
H Interval
»

Note: See Figure A-0O for explanation of symbols.

FIELD DATA
K
€ g g c
=l 518 § |38 ¢ MATERIAL < = REMARKS
el 81z 2, |82 & DESCRIPTION W2 €
g| ¢ |8 de |z|5| o3 ENIY
s| 3|5 5 |5|8| 28 HE:
¥| m [0 v~ |S|lO| 6O =0|iLo
48 "/ZF | 13 | 6 |Driller added mud to auger to prevent heave
44 8 N 17 5
%F
= -
| SP-SM Gray fine to medium sand with silt (dense to very
L dense, wet)
40 9 N 20 8
SA
55 10 B 22
MC
11 | 22 6
48 S
| sM | Gray silty fine to medium sand (very dense, wet) |
64 12 | 23 | 12
SA
72 13 | 26 | 15
%F
SP-SM | Brown with oxidation staining fine to medium |
I sand with silt (very dense, wet)
14 | 23 8
67 SF
15 | 23
80 e

Log of Boring LLE-B13 (continued)

Project: Sound Transit - Lynnwood Link Extension
G EO E N G INEER S / : / PrOJ:ect Location: Mountlake Terrace, Washington Figure A-60
L Project Number:  4082-026-02 Sheet20of3 )




8_GEOTECH_STANDARD

plate/LibTemplate:GEOENGINEERS8.GDT/GEI

Redmond: Date:9/23/14 Path:\RED\PROJECTS\4\4082026\GINT\408202602_B01-C10.GPJ DBTem

[ FIELD DATA
E 2| | .15 § |e|3 ¢ MATERIAL sl 2 REMARKS
§ €|, 58| 2|3 3o |B2| & DESCRIPTION S
€ £1csl 2|2 2: |85 5% 28|42
u &|E&|lal|8 e |2|a]| 6o 238|E3
i h SM~ | Gray silty fine sand with sand interbeds (very |
_ - dense, wet) ]
_‘b\(o 80— | _
] 18| 77 16 26 | 18
= = %F - -
Note: See Figure A-0 for explanation of symbols.

\. J
( A
Log of Boring LLE-B13 (continued)

Project: Sound Transit - Lynnwood Link Extension
G EO E N G INEE RS / : / PrOJ'ect Location: Mountlake Terrace, Washington Figure A-60
L Project Number:  4082-026-02 Sheet30f3 J




r

8_GEOTECH_STANDARD

plate/LibTemplate:GEOENGINEERS8.GDT/GEI

Redmond: Date:9/23/14 Path:\RED\PROJECTS\4\4082026\GINT\408202602_B01-C10.GPJ DBTem

Start End Total Logged By DTM ) Drilling
Driled  6/28/2014  6/28/2014 | Depth (ft Checked By CRW | Driller Holocene Methog ollow-Stem Auger
Surface Elevation (ft) 398 Hammer Autohammer Drilling Mobile B-61 Truck Ri
Vertical Datum Project Data 140 (Ibs) / 30 (in) Drop Equipment 9
Easting (X) 1376477.14 System Groundwater Deoth t
! . ep! (o}
Northlng (Y) 389951.8931 Datum PrOjeCt Date Measured Water (ft
Notes: Autohammer efficiency = 87% (measured 11/1/2013)
\,
r
FIELD DATA
— o
3 < g 2 c
g 2| S| 4la § |28 & MATERIAL s REMARKS
5 £ 8|8z do |8|2] & DESCRIPTION | €
€ £ 1= 8| £18 85 |&|s| 32 28| g8
<@ [9) = 0 K] ° @ © ol & o © 552§
w O |E x| @om|o v~ |ZS|lO| 6O SO|iLo
0 -
BL 4 inches asphalt concrete Water knife/vactor to 5.5 feet.
- — e CR 8 inches base course Soil description based on visual observation.
| | ) cc L 3 inches concrete
o Brown fine to coarse sand with gravel (medium
3 i SP-SM | dense, moist) (fill) (ESU 1A) i
B 5—] | ]
i SP-SM | Brownish gray with oxidation staining fine to |
® ) medium sand with silt and occasional gravel
| o§ i 12| 30 NC I (medium dense to dense, moist) (advance 49
outwash) (ESU 6A)
i 10_] 12| 20 2 - - 9| 10
%F
| i A
SP-SM Grayish brown fine to medium sand with silt
B i L (dense to very dense, moist) (ESU 6B) i
B 15— 3 | ]
] 18| 41 EX 7|7
| _ L i
- 20_ 4 — —]
] 18 | 54 & 8 | 12
[ 5° i - i
i % _] 18| 45 5 B N
O i i |
i %0 _] 18| a7 6 B 187
%F
[ ] L i

35—

Note: See Figure A-0 for explanation of symbols.

Log of Boring LLE-B14

GEOENGINEERS /J

Project:

Project Number:

Project Location:

Sound Transit - Lynnwood Link Extension
Mountlake Terrace, Washington

4082-026-02




8_GEOTECH_STANDARD

plate/LibTemplate:GEOENGINEERS8.GDT/GEI

Redmond: Date:9/23/14 Path:\RED\PROJECTS\4\4082026\GINT\408202602_B01-C10.GPJ DBTem

-
FIELD DATA

— K

D 5 g o c

Ko = = IS =| o ] MATERIAL

T 38 3l s |2 2 213 % sl s REMARKS

S Sl 8| €| Yo |22 & DESCRIPTION oS T

o o |Ed|m |8 aS |Z|6| 6O 28|E&8

%7 18 71 7 | Grades to wet 21| 6 Groundwater observed at 35 feet
. ] %F | | during drilling
_‘b@ ] - -4+ - - - _ _ |
|1 sP Brownish gray fine to medium sand with trace silt
n m - (very dense, wet) i
N 40— . . L |
] 12 | 50/6 2 30| 3
Note: See Figure A-0 for explanation of symbols.

\. J
{ A
Log of Boring LLE-B14 (continued)

Project: Sound Transit - Lynnwood Link Extension
G EO E N G INEE RS / Project Location: Mountlake Terrace, Washington .
. Figure A-61
L Project Number:  4082-026-02 Sheet20f2




r

Start End Total

LoggedBy DTM

GEOTECH_STANDARD

plate/LibTemplate: GEOENGINEERS8.GDT/GEIS

Redmond: Date:11/10/14 Path:\RED\PROJECTS\4\4082026\GINT\408202602_B01-C10.GPJ DBTem

. Drilling
Driled 6/28/2014 612812014 | Deptn () 1" Checked By CRW | Driller Holocene Methog Hollow-Stem Auger
Surface Elevation (ft) 400 Hammer Autohammer Drilling Mobile B-61 Truck Ri
Vertical Datum Project Data 140 (Ibs) / 30 (in) Drop Equipment 9
Easting (X) 1376476.393 System Groundwater benth &
! . ep! (o}
Northing (Y) 390195.1061 Datum Prolect Date Measured Water (ft) Elevation (ft)
Notes: Autohammer efficiency = 87% (measured 11/1/2013)
\, J
r
FIELD DATA
= o
@ £ g 9
g z| 3| 418 § |¢8 £ MATERIAL sl 2 REMARKS
s £|_8|813 Fo |Z2]| 8 DESCRIPTION L 2
s s 18s| 2|8 B: |BE| 5% CHIY
<@ [9) = 0 K] ° @ © ol & o © 552§
w O |E x| @om|o v~ |ZS|lO| 6O SO|iLo
0 -
AC 8 inches asphalt concrete Water knife/vactor to 5.5 feet.
- b CR [~ 9inches base coarse B Soil description based on visual observation.
| i SP-SM Grayish brown fine to medium sand with siltand |
occasional gravel (medium dense, moist)
B i L (advance outwash) (ESU 6A) i
| o 5| L |
B i I
| SP-SM Grayish brown fine to medium sand with silt
N m - (dense to very dense, moist) i
1
| _] 18 | 56 e | |
| 5 10— ) - ]
] 18| 29 o2
i T (ESU 6B) ]
| 5 15— 3 - ]
] 18 | 61 A
= . - - 4 - - 1
B SP Gray fine to medium sand with trace silt (very
B i L dense, moist) i
) 20— " 4 - |
] 12 | 5076 s
i ] 7.4 sw-sm | Brownish gray fine to medium sand with silt (very |
L . (o] ] - dense, moist) ,
& ot
) 25— 5 X - ]
] 18| 65 X o1
| ) _ 1] | _|
% ] 18| o4 6 o1
i ' 1. SW-SM | Brownish gray fine to medium sand with siltand |
B i 1] - occasional gravel (very dense, wet) ]

35—

Note: See Figure A-0 for explanation of symbols.

Log of Boring LLE-B15

\

GEOENGINEERS /J

Project:
Project Location:

Project Number:  4082-026-02

Sound Transit - Lynnwood Link Extension
Mountlake Terrace, Washington

Figure A-62
Sheet10of2 )




GEOTECH_STANDARD

plate/LibTemplate: GEOENGINEERS8.GDT/GEIS

Redmond: Date:11/10/14 Path:\RED\PROJECTS\4\4082026\GINT\408202602_B01-C10.GPJ DBTem

r
FIELD DATA

= o

B £ E 3 5 MATERIAL

(] — = —

£ 3| 3| «12 § |28 & s = REMARKS

g8 2|58 €803 do |92 L8 DESCRIPTION | €

© < [ 3] £ o ‘0 =1

s gle§lE|: H3 |88 2k

w O |E x| @om|o v~ |ZS|lO| 6O SO|iLo

35 18| 76 4 oo ] 12 7 Groundwater observed at 35 feef during
N i SA ZI"Z B | drilling
i | 2 I
| SP Brownish gray fine to medium sand with

N m - occasional gravel and trace silt (very dense, i

o wet)
| o 40— - ]

] 14 | 81/8" 8 " 16 | 4
%F
Note: See Figure A-0 for explanation of symbols.

\. J
( A
Log of Boring LLE-B15 (continued)

Project: Sound Transit - Lynnwood Link Extension
G EO E N G | N E E RS / Project Location: Mountlake Terrace, Washington .
. Figure A-62
L Project Number:  4082-026-02 Sheet2of2 )




8_GEOTECH_STANDARD

plate/LibTemplate:GEOENGINEERS8.GDT/GEI

Redmond: Date:9/23/14 Path:\RED\PROJECTS\4\4082026\GINT\408202602_B01-C10.GPJ DBTem

35—

Note: See Figure A-0 for explanation of symbols.

' ~\
Start End Total Logged By ERH H Drillin
~ . i olocene ) -
Driled  6/18/2014  6/18/2014 | Deptn () 01" | Checked By CRW | Driler Methog Hollow-Stem Auger
Surface Elevation (ft) 484 Hammer Autohammer Drilling Mobile B-61 Truck Ri
Vertical Datum Project Data 140 (Ibs) / 30 (in) Drop Equipment 9
Easting (X) 1376462.869 System Groundwater Deoth
! . ep! (o}
Northing (Y) 390645.5311 Datum Prolect Date Measured Water (ft) Elevation (ft)
Notes: Autohammer efficiency = 87% (measured 11/1/2013)
\, J
r
FIELD DATA
= o
3 < g g
g =l 3|48 § el £ MATERIAL sl 2 REMARKS
§ £l.5| 2|3 3o |B2| & DESCRIPTION L 2
<@ [9) = 0 K] ° @ © ol & o © 552§
[} o | x| m [o - |20 6O SO|iLo
0
CR Crushed rock ) Water knife/vactor to 5 feet. .
| - o ] Gray fine to coarse gravel with sif, sand and Soil description based on visual observation.
N m o - cobbles (loose, moist) (fill) (ESU 1A) i
o]
B i o L ]
By ] ol ]
~|"] sP-sm Brown fine to medium sand with silt, occasional
B 5_] il 4 1 | gravel and trace organics (loose, moist) —
MC
i “ T sP Brown fine to medium sand with trace silt
| i L (medium dense, moist) (advance outwash) i
(ESU 6A)
i 10_] 17| 14 2 - 43
%F
S ' 7i.{ sw-sM| " Brown fine to medium sand with sitand |
| i 1] L occasional gravel (medium dense, moist) i
= 15_ 3 o: :o — —] 5 9
] 18| 25 EX 38
i i el (]
- || SP-sM Brown fine to medium sand with silt (medium
| \© | L dense, moist) i
i 20 4 B 4|7
] 18| 25 s
i i L N
S | SP-sm Gray fine to medium sand with silt and
| O i L occasional gravel (dense to very dense, wet) |
(ESU 6B)
i B sl 2 & B 117 7
- E - B Groundwater observed at 26 feet
during drilling
e i i i
- 30— " 6 = 13| 6
] 14 | 86/10 &
oy ] i |

\, J
4 N
Log of Boring LLE-B17

Project: Sound Transit - Lynnwood Link Extension
G EO E N G INEER S / : / PI’Oj:eCt Location: Shoreline, Washington Figure A-63
L Project Number:  4082-026-02 Sheet10f3 )




8_GEOTECH_STANDARD

plate/LibTemplate:GEOENGINEERS8.GDT/GEI

Elevation (feet)

)

FIELD DATA
o
B g g c
2| S| 408 § |28 & MATERIAL ¢ REMARKS
g |- 5 g3 do |32 S DESCRIPTION 0|
z| @ |8 @& =| 2| 2% Se| ¢
£1£c2|E B |35 g7
o |2 o K] ° ©| © ol & o © 56|86
o |E x| @m|o v~ |SlO| 6O SO|iLo
35— —
] 18| 47 7 15| 8
i %F
. -t - — + - — 1
|1 spP Brown fine to medium sand (very dense, wet)
40 _] 15 | 70/9" 8 B 16 | 1
SA
_ “ - - ________ |
| SP-SM Gray fine to medium sand with silt (very dense,
m - wet)
45 —] 14| 52 9 — 21 5
SA
i B I
1| SP-sM Brown fine to medium sand with silt (dense to
i L very dense, wet)
%0 _] 14 | 53 10 B 23
MC
55— 1 I~ 23 | 11
] 18 | 48 a
| O I
1| SP-sM Brown fine sand with silt (dense to very dense,
i L wet)
60 —] 14 40 12 I 23 9
SA
65 _] 16| 58 13 I~
' | sM | Brownsilty fine sand (very dense, wet) |
0 _] 18| 85 14 B
"1 cL | Brown with oxidation staining lean clay (hard, |
] - moist to wet)
- .. e
1| SP-sM Gray fine sand with silt (very dense, moist)
75— , 15 = 24 | 9
] 11 | 50/5 2

Note: See Figure A-0O for explanation of symbols.

Log of Boring LLE-B17 (continued)

Redmond: Date:9/23/14 Path:\RED\PROJECTS\4\4082026\GINT\408202602_B01-C10.GPJ DBTem

Project: Sound Transit - Lynnwood Link Extension
Project Location:  Shoreline, Washington

. Figure A-63
Project Number:  4082-026-02

Sheet20of3 J

GEOENGINEERS /J




8_GEOTECH_STANDARD

plate/LibTemplate:GEOENGINEERS8.GDT/GEI

Redmond: Date:9/23/14 Path:\RED\PROJECTS\4\4082026\GINT\408202602_B01-C10.GPJ DBTem

FIELD DATA
— K
3 5 g o c
Ko = = IS =| o <] MATERIAL
= 3l 5 |2 2 218 = sl s REMARKS
S Sz 8| €8 Yo |22 - DESCRIPTION 0S| ©
© < %) © alc | = = <4
[} o | x| m [o 7 [ =[G 6O So|iLo
i o T ML Gray sandy silt (hard, moist) (transitional beds)
| _ (ESU7) i
i 80_] 18 | 74111 16 ~ 1 27
MC
- - -’ - -4 - - - 1
$ ML Gray silt with sand (hard, moist)
| e . - ]
§ 8 _] 18| 45 17 B | 25 | 89
%F
__,bq‘a : I~ ol j “Gray lean clay (hard, moisty i
i 90_] 18| e0 1 B ) AL (LL = 32%; PI = 11%)
SN _ L i
i % _] 18| 47 19 - - 33
MC
[ . T | CH | Tanfatclay (verystiff, moisty =~ |
| o _ ’ L i
i 10— 18| 25 pd y B 1 46 AL (LL = 75%; PI = 45%)
= - Ve - .
Note: See Figure A-0 for explanation of symbols.
\ J
{ N
Log of Boring LLE-B17 (continued)
/- Project: Sound Transit - Lynnwood Link Extension
G Project Location:  Shoreline, Washington .
EOENGINEERS /4/ [P 9 Figure A63
Project Number:  4082-026-02 Sheet 3 of 3

\

o




8_GEOTECH_STANDARD

plate/LibTemplate:GEOENGINEERS8.GDT/GEI

Redmond: Date:9/23/14 Path:\RED\PROJECTS\4\4082026\GINT\408202602_B01-C10.GPJ DBTem

' ~\
Start End Total Logged By CRW ) Drilling
Driled 4/14/2014  4/14/2014 | Depth () O Checked By CRW | Driller Holocene Methog Hollow-Stem Auger
Surface Elevation (ft) 390 Hammer Autohammer Drilling Mobile B-61 Truck Ri
Vertical Datum Project Data 140 (Ibs) / 30 (in) Drop Equipment 9
Easting (X) 1376060.17 System Groundwater Deoth t
! . ep! (o}
Northing (Y) 390957.3037 Datum Prolect Date Measured Water (ft) Elevation (ft)
Notes: Autohammer efficiency = 87% (measured 11/1/2013)
\, J
r
FIELD DATA
= o
E gl _|E ¢ 5 MATERIAL
QL = = v 9
s E|l_slz|z 2 |32 s DESCRIPTION gl REMARKS
g s 2lg|¥ g2 |38 e 25| %
= S - =
: B85 8| 2|2 E% |8 %] &8 22|52
i o|Eed|al|8 A8 [2|o] oo 238|&8
0 -
AC 3 inches asphalt Water knife/vactor to 5.5 feet.
- — sMm |- Reddish brown silty sand with gravel and cobbles Soil description based on visual observation.
(medium dense, moist) (fill) (ESU 1A)
_'23’% 5 SP-SM | _ Brown fine to coarse sand with silt and |
’ occasional gravel (medium dense, moist)
B -] 0] 17 Ve o (advance outwash) (ESU 6A) 47
SHe 18| 25 2 |~ 2inchsilt | 118
] 12, inch silt lens
- - = -4 -
1| SP-sM Gray fine to medium sand with silt (dense to very
B i L dense, moist) (ESU 6B) i
£
| - 15— 3 | ]
] 18| 38 A 9 | 10
i T | With occasional gravel I
A
) 20— 4 - |
] 18| 70 r 70109
5
_“.)ro 25— - 1
5
] 18| 68 s 8 | 10
N
_‘b% 30— - |
" 6
] 12 | 50/6 2 5
i i e +r- -]
.| SP-SM Grayish brown fine sand with silt (very dense,
N m - moist) i
| o L _|

35—

Note: See Figure A-0 for explanation of symbols.

Log of Boring LLE-B18

Project: Sound Transit - Lynnwood Link Extension
G EO E N G INEER S / : / PrOJ:ect Location: Mountlake Terrace, Washington Figure A-64
L Project Number:  4082-026-02 Sheet10f2 )




8_GEOTECH_STANDARD

plate/LibTemplate:GEOENGINEERS8.GDT/GEI

Redmond: Date:9/23/14 Path:\RED\PROJECTS\4\4082026\GINT\408202602_B01-C10.GPJ DBTem

p
FIELD DATA
= 2
D £ g 9 c
Ko = = IS | @ ] MATERIAL
= 3l s |2 2 218 = sl s REMARKS
s &1 818 3o |32 2 DESCRIPTION 5 2
© < & | o alc | £ B 5
s Tleg|c|z HB |88 2X
w o |E x| @om|o v~ |SlO| 6O SO|iLo
35— = —
] 15 [85/11 SZA 8 | 10
i T | With occasional gravel |
(,JQ
— 40_] 18| 85 & B ] 4
o
)
— 45 —] 10 | 508" 9 B 17| 9 Gravel zone at 45 feet
SA | |
©
— 50_] 16 | 82 ;7?: B 14| 8
- - = e
1| SP-sM Gray fine sand with silt (micaceous) (very dense,
R i moist) B
“
o)
— 55—] 12 | s0/6" 1 I~ ]
N\
_".;b 60 — " 12 - |
] 10 | 5076 & 6 | 9
Note: See Figure A-0O for explanation of symbols.

\ J
4 N
Log of Boring LLE-B18 (continued)

Project: Sound Transit - Lynnwood Link Extension
G EO E N G INEER S / Project Location: Mountlake Terrace, Washington .
. Figure A-64
L Project Number:  4082-026-02 Sheet20of2 )




8_GEOTECH_STANDARD

plate/LibTemplate:GEOENGINEERS8.GDT/GEI

Redmond: Date:9/23/14 Path:\RED\PROJECTS\4\4082026\GINT\408202602_B01-C10.GPJ DBTem

' ~\
Start End Total Logged By CRW ) Drilling
Driled  7/23/2014 712412014 | Depth () 02 | CheckeaBy CRw | Driler Holocene Methog HOllow-Stem Auger
Surface Elevation (ft) 392 Hammer Autohammer Drilling Mobile B-61 Truck Ri
Vertical Datum Project Data 140 (Ibs) / 30 (in) Drop Equipment 9
Easting (X) 1375821.77 System Groundwater Deoth t
! . ep! (o}
Northing (¥) 391597.49 Datum Prolect Date Measured Water (ft) Elevation (ft)
Notes: Autohammer efficiency = 87% (measured 11/1/2013)
\, J
r
FIELD DATA
= o
D £ g 9 c
g 2| S| 4la § |28 & MATERIAL s REMARKS
§ 5883 Ho |3z 8 DESCRIPTION | €
€ £ 1= 8| £18 85 |&|s| 32 28| g8
<@ [9) = 0 K] ° @ © ol & o © 552§
w O |E x| @om|o v~ |ZS|lO| 6O SO|iLo
0 -
ey S 4 inches sod Water knife/vactor to 5 feet.
E sp-sM | Brown fine to medium sand with silt and B Soil description based on visual observation.
S occasional gravel and cobbles and trace
—> 1 » organics (loose, moist) (fill) (ESU 1A) T
B i SP-SM | Brown fine to medium sand with silt (medium |
dense to very dense, moist) (advance
B 5—] 18] 22 1 - outwash) (ESU 6A) - 8 7
%F
[ s _ L i
B V=g 33 & | Grades to with occasional gravel 179
| _ L i
i BIR e 52 & | With decreasing gravel content, gradestovery | 6 | 9
R ] : dense (ESU 6B) i
[ 5° i - i
i 2 _] 18| 71 4 B 1 6 | 11
%F
O i i i
- 25— — — Groundwater observed at 25 feet
] 18 | 56 °/§F Grades to wet 9 7 during drilling
[ ] L i
- . =1 e
| SP-sM Brown fine to medium sand with silt and
B i I occasional gravel (very dense, wet) E
§ %0 _] 16 | 75/10" SQA B 115 6 6 inches of heave
| _ L i
§ 7] 1. SW-SM | Brown fine to medium sand with silt and gravel |
B i 1] - (very dense, wet) |

35—

Note: See Figure A-0 for explanation of symbols.

Log of Boring LLE-B19

Project: Sound Transit - Lynnwood Link Extension
G EO E N G INEER S / : / PrOJ:ect Location: Mountlake Terrace, Washington Figure A-65
L Project Number:  4082-026-02 Sheet10f3 )




8_GEOTECH_STANDARD

plate/LibTemplate:GEOENGINEERS8.GDT/GEI

Redmond: Date:9/23/14 Path:\RED\PROJECTS\4\4082026\GINT\408202602_B01-C10.GPJ DBTem

Elevation (feet)

3
2

FIELD DATA
o
€ g g
=| S| .18 § |g/8] ¢ MATERIAL . REMARKS
gl 8l 8|z do |8]2| & DESCRIPTION W2 €
< g| 2 |8 49 |s5|s| 2% 25| 05
=18 8| 2|2 g3 |88 84 2s|is
QO |E x| m|o a- [Z|O]| 0O S0 |iLo
35— —
] 15| 76 SZA oo | 13 8 Driller added mud to auger to control heave
i o -
| SP-sm Brown fine to medium sand with silt (dense, wet)

40 _] 18 | 43 c/ﬁF B 21| 7
45 _] 18| 43 & - 25 | 11
%0 _] 18 | 63 a2 | Grades to grayish brown 21

T | sM | Grayish brown silty fine to medium sand (very |

i L dense, wet)
%5 _] 18| 77 c}% B 20 | 12

' SP-SM | Brownish gray fine to medium sand with silt (very |

i dense, wet)
60 _] 12 | s0/6" i+ - 23| 9
SR 6 | 06 2 : B 2|8

| N I

| SP-sm Gray fine to medium sand with silt (very dense,

i I wet)
0 _] 17 | 775" % B 21 | 7

T CH Gray fat clay (hard, moist) (transitional beds)

i P i (ESU7)

i P L
7 _] 18| s5 1 ’ - 26 AL (LL = 53%; PI = 28%)

4 # L

Note: See Figure A-0O for explanation of symbols.

Log of Boring LLE-B19 (continued)

Project: Sound Transit - Lynnwood Link Extension
G EO E N G INEER S / : / PrOJ:ect Location: Mountlake Terrace, Washington Figure A-65
L Project Number:  4082-026-02 Sheet20of3 )




8_GEOTECH_STANDARD

plate/LibTemplate:GEOENGINEERS8.GDT/GEI

Redmond: Date:9/23/14 Path:\RED\PROJECTS\4\4082026\GINT\408202602_B01-C10.GPJ DBTem

FIELD DATA
— K
D £ g 9 c
Ko = = IS | @ <] MATERIAL
T | 8lsle & |32 % S REMARKS
S € 58| €13 do |Je S DESCRIPTION o T
=R 21 %18 22 |z|2| =% =| =
i o | x| m [o - [0 ] 00O So|iLo
| o | - -
= = s - -
o - Ve - |
i 8 _] 18| 31 16 g B | 24
MC
i P i i
Q
| o _ 9 u i
i T " CL | Gray with oxidation staining lean clay with sand |
B i L interbeds (hard, moist) i
i 8 _] 18| 56 17 - T 22
MC
| s> | L i
i ' | | MH [ Brown with oxidation staining elastic silt (hard, |
B 4 ‘ L moist) ]
i 90 _] 18| 34 1 | B 1 40 AL (LL = 53%; PI = 23%)
| S | ‘ L i
i ' " CH | Brownish gray fat clay (hard, moist) |
= = s - -
- 95— ’ - —
18| 29 ’\1/% 32
- 7/ - .
e i g - .
N i g i i
N i § i i
i 10— 18| 37 pd ’ - 1 32 AL (LL = 59%; PI = 30%)
N i g i i
Note: See Figure A-0 for explanation of symbols.
\ J
4 N
Log of Boring LLE-B19 (continued)
Project: Sound Transit - Lynnwood Link Extension
G EO E N G INEER S / Project Location: Mountlake Terrace, Washington .
. Figure A-65
L Project Number:  4082-026-02 Sheet30f3 J




8_GEOTECH_STANDARD

plate/LibTemplate:GEOENGINEERS8.GDT/GEI

Redmond: Date:9/25/14 Path:\RED\PROJECTS\4\4082026\GINT\408202602_B01-C10.GPJ DBTem

' ~\
Start End Total Logged By ERH ) Drilling
Driled 4/18/2014  4/18/2014 | Deptn () 1" Checked By CRW | Driller Holocene Methog Hollow-Stem Auger
Surface Elevation (ft) 432 Hammer Autohammer Drilling Mobile B-61 Truck Ri
Vertical Datum Project Data 140 (Ibs) / 30 (in) Drop Equipment 9
Easting (X) 1375779.837 System Groundwater Deoth
! . ep! (o}
Northing (Y) 392394.9864 Datum Prolect Date Measured Water (ft) Elevation (ft)
Notes: Autohammer efficiency = 87% (measured 11/1/2013)
\, J
r
FIELD DATA
= o
E S - 5 MATERIAL
{9 — = _
S 3| slsld I 3B = s = REMARKS
s &|_2l 8|z 3o |3 & DESCRIPTION L E
= o e 2 2 —| o= 5S¢ €
S £l58| 2|8 B: |33 52
k) o |2 O K] ° ©| © ol & o © 56|86
w O |E x| @om|o v~ |ZS|lO| 6O SO|iLo
0 -
| I 6 inches asphalt concrete Water knife/vactor to 5.5 feet.
= - P-4 op 3 inches gravel base course Soil description based on visual observation.
@Q sM Brown silty sand with gravel and occasional
B 7] B boulders (medium dense, moist) (fill) (ESU
B _ 1B) i
§ ST 5| 28 i | 'SP-sM | Brown fine to medium sand with silt and gravel | 6
N m - (medium dense, moist) i
[ i i i
B 10— ) - ]
] 18| 25 2, 9
o || | ML | Graysilt with occasional sand and gravel (very |
—> 1 » stiff, moist) T
i ' | sM [ Brownsilty fine to medium sand with gravel |
B i L (medium dense to dense, moist) i
B 15— 3 - ]
] 18 | 30 A 7 |19
_b:\(o i L ]
B 20— 14| 25 4 1 I 1 8 | 33
B . 7oF SM [ Brown silty fine to medium sand with gravel i
o (medium dense to dense, moist)
| i L ]
- 25 pa— 5 — —]
] 18| 31 & 10 | 36
| i i ,
B 30— 5 - ]
] 18| 23 & 9 | 28
IS T | SP-SM [ Gray fine to medium sand with sitand |
| O i L occasional gravel (medium dense, moist) i

35—

Note: See Figure A-0 for explanation of symbols.

Log of Boring LLE-B20

Project:

GEOENGINEERS /;/ projoct Location

Project Number:

Sound Transit - Lynnwood Link Extension
Mountlake Terrace, Washington
4082-026-02

Figure A-66
Sheet10of2 )




8_GEOTECH_STANDARD

plate/LibTemplate:GEOENGINEERS8.GDT/GEI

Redmond: Date:9/25/14 Path:\RED\PROJECTS\4\4082026\GINT\408202602_B01-C10.GPJ DBTem

r
FIELD DATA
o

5 £ £ 2 5 MATERIAL

L = 5 ol )

¢ 5| 3108 § |28 & z| g REMARKS

S Sl5s 8| €3 Yo [3e S DESCRIPTION o2 g

= > B b al & | £ % 5% g

i o l|Ee¢|@m |8 Ak |2|o| 6o s38|iEd

35— -
10 1 MZC “{_WooD 2 to 3 inch wood layer 1
B T sp-sM | Brown with oxidation staining fine to medium ]
| oD ] | sand with silt and gravel (medium dense, i
moist) (advance outwash) (ESU 6A)
i T | 'sM [ Brown silty fine to medium sand (dense, moist) |
i 40_] 18| 34 8 B N
Note: See Figure A-0 for explanation of symbols.

\. J
( A
Log of Boring LLE-B20 (continued)

Project: Sound Transit - Lynnwood Link Extension
G EO E N G | N E E RS / Project Location: Mountlake Terrace, Washington .
. Figure A-66
L Project Number:  4082-026-02 Sheet2of2 )




Appendix C

Borehole Data Summary Sheet

Pivaroff-Ward p.243 ESS 601



Appendix C, Borehole Data Summary Sheet. Expansions of the abbreviations listed in this table are as follows - Drilling Methods: Hollow Stem Auger (HAS), Mud Rotary
(MR), and Becher Hammer (BH); Samplers: Standard Penetration Test (SPT), and Dames and Moore (D&M); Methods of Water Measurement: Vibrating Wire Piezometer
(VWP), Observations while Drilling (drilling obs.), and electric tape (e-tape).

Water

Boring | Drilling Sampler Depth | Elevation N- Density | Elevation Method and Date of | Percent | Percent |Percent | Percent
ID Method (ft) (ft) Value ) Water Measurements |Moisture | Gravel | Sand Fines
B0& MR SPT 279 drilling obs. 7,/07 /2014
50 279 37 dense 22.0 0.0 88.5 11.5
55 274 Al very dense 22.0 13.0
60 269 64 very dense| 22.0 10.0
A5 264 100 very dense 22.0
70 259 69 very dense 24.0 0.0 86.6 13.4
75 254 100 very dense 24.0 12.0
80 249 100 very dense| 21.0
B08 HSA SPT 281 drilling obs. 7,/11/2014
40 277 50 very dense 15.0 148 81.0 4.3
45 272 SA very dense| 21.0
50 267 60 very dense 23.0 15.0
55 262 100 very dense 23.0 3.8 82.0 14.1
E09 HSA SPT 312 drilling obs. 7,/17 /2014
25 306 100 very dense 16.0 11.7 95.6 2.7
35 296 100 very dense 14.0 224 67.0 10.7
40 291 100 very dense 22.0 11 89.8 9.1
45 286 100 very dense 22.0 9.0
50 281 100 very dense 19.0 11.7 71.6 16.7
55 276 100 very dense 20.0 20.0
60 271 100 very dense| 12.0 28.0
A5 266 100 very dense 11.0
70 261 100 very dense|
B10S [MR SPT 284 drilling obs. 6/19/2014
35 319 100 very dense 8.0 7.0
36 318 100 very dense 11.0
37 317 100 very dense|
40 315 100 very dense| 14.0 36.0




Water

Boring | Drilling i Depth | Elevation N- T || B Method and Date of | Percent | Percent |Percent | Percent
ID Method (ft) (ft) Value 0 Water Measurements |Moisture | Gravel | Sand Fines
B11P |MR SPT 354.9 e-tape 8/12/2014
10 352.5 30 dense 20.0 6.0
15 3475 60 very dense 17.0 2.0
20 3425 38 dense 22.0 8.0
25 337.5 58 very dense 24.0 14.0
30 3325 51 very dense 23.0 14.0
35 327.5 85 very dense 21.0
40 3225 58 very dense 22.0 10.0
45 3175 57 very dense 23.0 10.0
50 3125 100 very dense 23.0
B12 HSA SPT 355.85 e-tape 7,/12,/2014
25 369 33 dense
30 364 31 dense 8.0 5.4 81.8 12.9
35 359 35 dense 17.0 14.0
40 354 432 dense 18.0 6.4 89.7 39
45 349 55 very dense 20.0 8.0
50 344 47 dense 19.0 36 86.2 101
55 339 75 very dense 21.0 7.0
60 334 53 very dense 23.0 0.8 90.6 8.6
65 329 (L] very dense
70 324 74 very dense 18.0
75 319 67 very dense 21.0 0.0 90.1 9.9
80 314 100 very dense 22.0 12.0
B13 HSA SPT 363 drilling obs. 6,/21/2014
25 370 22 med dense 7.0 1.5 945 4.0
30 365 23 med dense 16.0 8.0
35 360 43 dense 13.0 18.5 75.4 6.1
40 355 44 dense 17.0 5.0
45 350 40 dense 20.0 0.2 91.4 8.4
50 345 55 very dense 22.0
55 340 43 dense 22.0 6.0
60 335 A4 very dense 23.0 33 84.5 12.2
65 330 72 very dense 26.0 15.0
70 325 a7 very dense 23.0 8.0
75 320 80 very dense 23.0
80 315 77 very dense 26.0 18.0




Water

Boring [ Drilling Sampler Depth | Elevation N- Density |Elevation Method and Date of | Percent | Percent |Percent | Percent
ID Method (ft) (ft) Value () Water Measurements |Moisture | Gravel | Sand Fines
B14 HSA SPT 363 drilling obs. 6,/28/2014
125 [3915 30 dense 2.0
10 388 20 med dense 9.0 10.0
15 383 41 dense 7.0 0.7 92.0 73
20 378 54 very dense 8.0 1.0 87.3 11.7
25 373 45 dense
30 368 47 dense 5.0 7.0
35 363 71 very dense 21.0 6.0
40 358 100 very dense 30.0 4.4 92.3 3.3
B15 HSA SPT 365 drilling obs. 6,/28/2014
7.5 3925 56 very dense 7.0
10 390 29 med dense 7.0 8.0
15 385 Al very dense 4.0 0.1 91.1 8.8
20 380 100 very dense 3.0 4.0
25 375 A5 very dense 4.0 33 89.1 7.6
30 370 b4 very dense
35 3A5 76 very dense 12.0 9.6 831 7.3
40 360 100 very dense 16.0 4.0
B17 HSA SPT 458 drilling obs. 6,/18/2014
10 380 14 med dense 4.0 3.0
15 375 25 med dense 5.0 6.8 83.9 9.3
20 370 25 med dense 4.0 7.0
25 365 40 dense 17.0 2.2 90.5 73
30 360 100 very dense 13.0 111 82.6 6.3
35 355 47 dense 15.0 8.0
40 350 100 very dense 16.0 2.7 96.0 13
45 345 52 very dense 21.0 0.0 94.8 5.2
50 340 53 very dense 23.0
55 335 48 dense 23.0 11.0
60 330 40 dense 23.0 0.0 91.1 8.9
A5 325 58 very dense
70 320 ah very dense
75 315 100 very dense 24.0 9.0




Water

Boring | Drilling Sampler Depth | Elevation N- Density | Elevation Method and Date of | Percent | Percent | Percent | Percent
ID Method (ft) (ft) Value () Water Measurements | Moisture | Gravel | Sand Fines
B185 HSA SPT N/A N/A
5 385 17 med dense 7.0
10 380 25 med dense 13.0
15 375 38 dense 2.0 1.3 88.7 10.0
20 370 70 very dense 7.0 9.0
25 365 68 very dense 8.0 10.0
30 360 100 very dense| 5.0
35 355 100 very dense 8.0 0.0 90.5 9.5
40 350 85 very dense| 4.0
45 345 100 very dense 7.0 38 87.3 8.9
50 340 82 very dense| 4.0 8.0
55 335 100 very dense
60 330 100 very dense| 6.0 0.3 90.8 8.9
B19 HSA SPT 367 drilling obs. 7/23/2014
5 387 22 med dense 8.0 93.0 7.0
10 382 33 dense 7.0 19 88.9 8.2
15 377 52 very dense 6.0 9.0
20 372 71 very dense 6.0 11.0
25 367 56 very dense 9.0 7.0
30 362 100 very dense 15.0 34 91.0 5.6
35 357 76 very dense 13.0 19.6 726 7.8
40 352 43 dense 21.0 7.0
45 347 43 dense 25.0 0.0 88.9 11.1
50 342 A3 very dense 21.0
55 337 77 very dense 20.0 12.0
60 332 100 very dense 23.0 9.0
65 327 100 very dense 22.0 0.0 92.0 8.0
70 322 100 very dense 21.0 7.0
B20 HSA SPT N/A N/A
40 392 34 dense




Boring | Drilling el Depth | Elevation N- Density El:::;;n Method and Date of | Percent | Percent |Percent|Percent
ID Method (ft) (ft) Value ) Water Measurements (Moisture | Gravel | Sand Fines
MW-3 |BH D&M N/A N/A
10 321 26 med dense 10.2
20 311 26 med dense 13.3
30 301 27 med dense 9.4 11 93.7 51
40 291 50 very dense 5.8
50 281 11 med dense 47
60 271 39 dense 39 6.3 85.0 4.7
70 261 48 dense 19.9
80 251 N/A N/A 11.2
S0 241 N/A N/A 21.3 8.3 86.7 51
100 231 N/A N/A 25.8
120 211 N/A N/A 27.8 7.6 89.3 3.1
MwW-4 |EH D&M 280.2 VWP 3/27/2002
10 377 40 dense 9.1 7.8
20 367 45 dense 6.0 334 59.6 7.0
30 357 34 dense 10.5 7.1
40 347 47 dense 51 164 79.3 4.3
50 337 72 very dense 5.3 12.4
60 327 47 dense 13.3 4.3 81.2 14.6
70 317 63 very dense 4.8 3.6
a0 307 21 med dense 5.2 2.6 911 6.3
90 297 43 dense 4.9 5.3
100 287 100 very dense 6.6 5.6 88.6 5.9
110 277 100 very dense 16.8 5.2
120 267 100 very dense 17.3 24 95.2 24
130 257 N/A N/A 35.4 7.2
135 252 N/A N/A 26.1 3.6
155 232 N/A N/A 23.6 0.6 95.9 3.6
175 212 N/A N/A 22.9 4.8 01.6 3.6
MW-5 |BH D&M N/A N/A
10 295 16 med dense 8.2
20 285 16 med dense 4.8
30 275 29 med dense 17.7 2.9 93.9 3.2
40 265 27 med dense 214
41 264 27 med dense 22.7
50 255 11 med dense 21.1 0.0 97.6 2.4




Boring | Drilling S Depth | Elevation N- Density El‘::':;rt;n Method and Date of | Percent | Percent |Percent | Percent
ID Method (ft) (ft) Value () Water Measurements (Moisture | Gravel | Sand Fines
MW-6 |BH D&M N/A N/A
30 284 6 loose 24.0
40 274 33 dense 255
50 264 10 med dense 31.2
BwW-4 [MR D&M 280.63 VWP 2/26/2002
10 358 100 very dense
20 348 100 very dense 5.7
30 338 100 very dense 11.9 16.4 76.7 6.8
40 328 100 very dense| 11.8
50 318 100 very dense| 0.6 1.7 Q2.0 6.2
60 308 100 very dense 18.1
70 298 100 very dense|
80 2868 100 very dense 15.1
90 278 100 very dense
100 268 100 very dense| 18.0
110 258 100 very dense 23.0
120 248 100 very dense| 231
130 238 100 very dense| 207
140 228 100 very dense| 237 13.7
150 218 100 very dense 271
160 208 100 very dense| 279
170 198 100 very dense| 23.0
180 188 100 very dense 25.6
BW-5 |I'-1R D&M 364.2 VWP 2/26/2002
10 390 60 very dense| 13.0
20 380 65 very dense 9.0
30 370 100 very dense 11.3 0.1 89.6 10.2
40 360 100 very dense| 13.6
50 350 100 very dense 18.9
60 340 100 very dense 21.4
Bw-6 [MR D&M N/A N/A
50 400 100 very dense 9.2 48.2 40.9 10.7
70 380 100 very dense 20.0
80 370 100 very dense 21.5




Boring | Drilling e Depth | Elevation N- Densty El‘;ra::;rt;n Method and Date of | Percent | Percent |Percent | Percent
ID Method (ft) (ft) Value () Water Measurements | Moisture | Gravel | Sand Fines
E-105 |Sonic D&M N/A N/A
In/a |nya
E-106 |Wireline D&M N/A N/A
100 very dense
100 very dense|
100 very dense
100 very dense|
100 very dense
100 very dense|
100 very dense
100 very dense|
100 very dense
100 very dense|
100 very dense
100 very dense|
Wireline
E-107 D&M 231.92 VWP, unknown date
and ME.
100 very dense
100 very dense|
100 very dense
100 very dense|
100 very dense
100 very dense|
100 very dense
100 very dense|
100 very dense
100 very dense|
100 very dense
100 very dense|
100 very dense




Boring | Drilling Sampler Depth | Elevation N- Density El:‘:ri::;:;n Method and Date of | Percent | Percent | Percent | Percent
ID Method (ft) (ft) Value () Water Measurements |Moisture | Gravel | Sand Fines
E-108 |Wireline |D&M N/A N/A
[N/A  [N/a |
E-109 |Wireline |D&M N/A N/A
/A In/a |
E-110 |Wireline |D&M N/A N/A
|1CICI very dense |
E-211 |Wireline |D&M 28712  |OW, unknown date
[N/a [N/A |




Appendix D

Unified Soil Classification Guide (Adapted from Zhou, 2006)

Pivaroff-Ward p. 252 ESS 601



GROUP SYMBOL GROUP NAME

<5% fines Cu>4 and 1<Ce<3 =G W?:qsx sand—— = Well-graded gravel
: 215% sand =—————a»>= Well-graded gravel with sand

Cu<4 andfor 1>Ce>3 =G P?:'(ﬁ% sand ——= Poorly graded gravel
215% sand —— Poorly graded gravel with sand

fines=ML or MH GW-G M?(!S% sand ———# Well-graded gravel with silt

Cu>4 and 1_<_ch3< 216% sand —— Well-graded gravel with silt and sand
tines=CL, CH,———=GW-G CT: <15% sand ———~Well-graded gravel with clay (or siity clay)

GRAVEL {or CL-ML) 215% sand ————m- Weli-graded gravel with clay and sand
% gravel > 5-12% fines {or silty clay and sand)
% sand

fines=ML or MH———— =GP -G MT: <15% sand —— Poorty graded gravel with silt
Cu<4 and/or 1>Cc>3< 215% sand ———»- Poorly graded gravel with silt and sand
fines=CL, CH, GP-G C? <15% sand ——- Poorly graded gravel with clay {or silty clay)
tor CL-ML} 215% sand —— Poorly graded gravel with clay and sand
{or silty clay and sand)

fines=ML or MH——»G M?‘ﬂﬁ% sand ———=Silty graval
215% sand — Silty gravel with sand
>12% fines »fines=CL o CH———»GC T: <15% sand —— = Clayey gravel
215% sand —— Clayey gravel with sand

fines=CL-ML GC'GMQ(E’% sand ——— Silty, clayey gravel
215% sand ———» Silty, clayey gravel with sand
<K% fines Cu>6 and 1<Ce3 SW <15% gravel— s Well-graded sand
: —‘—_—\“‘1215% gravel —= Wall-graded sand with gravel
Cu<6 and/or 1>Ce>3 »SP # < 15% gravel —= Poorly graded sand
\“*215% gravel——= Poorly graded sand with gravel
s fines=ML or MH———»-SW-SM <15% gravel —— Well-graded sand with silt

Cu>6 and 1gc:ga< 215% gravel ——- Well-graded sand with silt and gravel

fines=CL, CH, SwW -SC?QS% gravel ——» Well-graded sand with clay (or silty clay)
SAND (or CL-ML) 215% gravel —— Well-graded sand with clay and gravel
% sand > 5:12% fines (or silty clay and gravel)
% gravel

fines=ML or MH S P' SMT: <15% gravel ———= Poorly graded sand with silt

Cu<6 and/or 1>Cc>3< 216% gravel —— Poorly graded sand with silt and gravel
fines=CL,CH,——— » SP -SC?'(H‘;% gravel ——» Poorly graded sand with clay [or silty clay)

for CL-ML) Z15% gravel——»- Poorly graded sand with clay and gravel
{or silty clay and gravel)
fines=ML or MH »SM =~ <15% gravel— - Silty sand
_\-\___*21 5% gravel—— Silty sand with gravel
>12% fines »fines=CL or CH———»-§ C—?: <15% gravel —— Clayey sand
216% gravel—— Clayey sand with gravel

fines=CLML——»SC-SM ?:<1 5% gravel———= Silty, clayey sand
>15% grovel —— Sity, clayey sand with gravel

Figure 4-1: Flow chart to determine the group symbol and group name for coarse-grained soils (ASTM D 2487).
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GROUP

SYMBOL GROUP NAME
<30% plus No. 200 <15% plus No. 200 » Lean clay
15-29% plus No. 200~— % sand >% gravel —» Lean clay with sand
PI>7 and plots——»C L TR % sand <% gravel—» Lean clay with gravel
on or above % sand =% gravel = <15% gravel — = Sandy lean clay
“A"—line >30% plus No. 200< T >15% gravel— = Sandy lean clay with gravel

% sand <% gravel T:‘:ﬁ% sand————m Gravelly lean clay
215% sand————» Gravelly lean clay with sand

<30% plus No. 200 -q<15% plus No. 200 »= Silty clay
- 16-29% plus No. 200<—% sand >% gravel == Silty clay with sand
4<PI<T and———=CL-ML A% sand <% gravel =~ Silty clay with gravel
tnorganic piots on or above % sand >% gravel~———#»<{15% gravel ——» Sandy silty clay
A —line >30% plus No, 200< TR >15% gravel——» Sandy silty clay with gravel
% sand <% gravel ————»<15% sand——» Gravelly silty clay
T>15% sand—— Gravelly silty clay with sand
LL<50 <30% plus No. 200-<:<15% plus No. 200 Silt

15-29% plus Ne, ZDOT:' % sand >% gravel—® Silt with sand
% sand <% gravel—»Silt with gravel
% sand >% gravel m———m < 15% gravel —= Sandy silt
>30% plus No. 200 <<: T 215% gravel ——— Sandy silt with gravel
% sand <% gravel ————<'15% sand ————Gravelly silt
>15% sand ——» Gravelly silt with sand

Pi<4 or plots— ML
below “A”_line

LL —ovendried

Organic ( <n.75) ——rO L—  »see figure 1b

LL—not dried

<30% plus No. 2M-q<15% plus No. 200 —w Fat clay
15-29% plus No. ZDOT: % sand >>% gravel—sFat clay with sand
Pl plots on or—»=CH % sand <% gravel — Fat clay with gravel
above “A*—line : % sand >% grave! ~=——— <15% gravel ——Sandy fat clay
>30% plus No, 2°0<: TR >15% gravel—— Sandy fat clay with gravel
% sand <% gravel T:‘(ﬁ% sand ———= Gravelly fat clay

Inorganic 215% sand -——— Gravelly fat clay with sand
<30% plus No. 200 T:<15% plus No. 200 # Elastic silt
15-29% plus No. 200-\?&% sand >% gravel—» Elastic silt with sand
PI plots below——~MH A % sand <% gravel —Eastic silt with gravel
LL >50 “A" line % sand >% gravel —_— <15% gravel——Sandy elastic silt
230% plus No. Zﬂﬂ< » >15% gravel—— Sandy elastic silt with gravel
% sand <% guvelT: <15% sand~——— Gravelly elastic silt
215% sand ———— Gravelly elastic silt with sand
. { LL—ovendried
Organic [ ————— < 5 75| —»0OH See figure 1b
LL —not dried

Figure 4-4a. Flow chart to determine the group symbol and group name for fine-grained soils (ASTM D 2487).

4 — Engineering Characteristics

FHWA NHI-06-088 4-23 December 2006

Soils and Foundations — Volume I



GROUP SYMBOL GROUP NAME

<30% plus No. 200 ——— > <15% plus No. 200—— —————» Organic clay
15-29% plus No. 200 - % sand >% gravel— Organic clay with sand
= % sand <% gravel——® Organic clay with gravel
% sand >% graveli: <15% gravel —» Sandy organic clay
>30% plus No. 200 <: >15% gravel —————— Sandy organic clay with gravel

% sand <% gravel ———————" <16% sand ————— Gravelly organic clay

P1>4 and plots on
or above “A"' - line

~ ™ >15% sand ———® Gravelly organic clay with sand

oL < 30% plus No. 200 -?._<15% plus No. 200 — » Organic silt
j 15-29% plus No. 200~————"% sand >% gravel —— Organic silt with sand

™% sand <% gravel——— Organic silt with gravel
% sand >% gravel ————»<{15% gravel ———» Sandy organic silt
>30% plus No. 200<: T >15% gravel————— Sandy organic silt with gravel
% sand <% gravel §:<15% sand ————® Gravelly organic silt
2>15% sand———————» Gravelly organic silt with sand

<30% plus No. 200 ———» <15% plus No. 200 * Organic clay
: 3 15-29% plus No. ZODR—:% sand >% gravel ——® Organic clay with sand

PI<4 or plots
below “A’'—line

% sand <% gravel——= Organic clay with gravel

% sand >% gravel ‘<<15% gravel ———— Sandy organic clay
>30% plus No. 200 <: =>15% gravel ——— Sandy organic clay with gravel

% sand <% gravel ?I(ﬁ% sand—————® Gravelly organic clay
2>15% sand———— Gravelly organic clay with sand

OH <30% plus No. 200?(15% plus No. 200 * Organic silt
15-29% plus No, 200 T—:% sand >% gravel— Organic silt with sand
% sand <% gravel ———® Organic silt with gravel
Plots below % sand >% grauel—ir<15% gravel —® Sandy organic silt
>30% plus No. 200 <: =>15% gravel ———— Sandy organic silt with gravel

“A"~line
% sand <% gravel ‘i(ﬁ% sand ——» Gravelly organic silt
>15% sand —————— Gravelly organic silt with sand

Plots on or
above “A" - line

Figure 4-4b. Flow chart to determine the group symbol and group name for organic soils (ASTM D 2487).
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